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RECENT BOOKS OF SCIENTIFIC INTEREST 


with comments by the publisher 


Apes and Men, 138 pp.; Hunters and Artists, 
150 pp.; Peasants and Kings, 145 pp.; Priests 
and Kings, 202 pp. Haroip Peake and H. J. 


FLEURE. $2.00 each. Yale University Press. 


The first four volumes in a series of eight pub- 
lished under the general title of “ The Corridors of 


Time,” of human history 


The A B C of Flight. W. Laurence LePaar. 
141 pp. $1.0. John Wiley & Sons, New York. 


presenting a survey 


The reader is taken through the entire theory of 
the flight of an airplane. In the simplest possible 
manner the construction and operation of the air- 
craft engine are dealt with; there is also a chapter 
on flying instruction. 


The Geography of the Polar Regions. Orro 
NORDENSKOLD and Lupwig MeEckine. 340 pp. 
$4.00. American Geographical Society, New York. 


The first part discusses in general climate, ice, the 
Ice Age, soils and landforms, vegetation and animal 
life of the polar regions. The second is a descrip- 
tion of the Arctic and Antarctic, written according to 
modern geographical standards. 





The Biology of Insects. Grorce H. CARPENTER. 
464 pp. $6.50. Macmillan Company, New York. 


In this volume the insect’s structural features are 
described only so far as seems necessary for the 
understanding of function and behavior, while ques- 
tions of systematic entomology are discussed in their 
relation to problems of ecology and evolution. 


The Role of Scientific Societies in the Seven- 


teenth Century. MarTHa ORNSTEIN. 283 pp. 
$3.00. University of Chicago Press, Chicago. 





A history of science, scientific societies and institu- 
tions; describing the backgrounds for the achieve- 
ments of our modern scientists; for those who are 
interested in general history as well as in the progress 
of science. 


The Indiana Sand Dunes and Shore Lines of the 
Lake Michigan Basin. Grorce B. Cressry. 80 
pp- $2.00. University of Chicago Press. Chicago. 





The object of this book is to explain the origin of 
the dunes and is largely a discussion of the princi- 
ples of eolian activity and the evolution of the Indi- 
ana portion of Lake Michigan since the retreat of 
the last ice sheet. 


Health and Wealth. Lovis I. Dusiin. 
$3.00. Harper & Brothers, New York. 





361 pp. 


The economic approach to the problem of public 
eatth is the distinguishing feature of this book. 
-The author, as statistician of the Metropolitan Life 
Insurance Company, speaks from an intimate knowl- 
edge of the effects of the newer health work. 


The books noted above may be obtained at the publisher’s regular rates from 
Tae Scrence Press Distrisutine Company, Grand Central Terminal, N. Y. 





JOSEPH E 
506 pp. 
Saunders Company, Philadelphia. 


Elementary Bacteriology. 
and ETHELYN O. GREAVES. 


E. Gr 
$3.50. W 


A narrative of early ideas regarding bacteri 
the work of the pioneers in the field, followed } 
study of the actual organisms and the 
bacteria to the life of man 


Max von Pettenkofer. 
142 pp. $1.50. 


relat 
EpGAR ERSKINE H 
Paul B. Hoeber, New York. 


An evaluation of Pettenkofer’s theory of the eti 
ogy of cholera, typhoid fever and other intesti: 
diseases, together with a biographic sketch 
brief consideration of his researches 
other than epidemiological. 


Psychological Care ‘of Infant and Child. Jou 
B. Watson. 187 pp. $2.00. W. W. Nortor 
Company, New York. 


and 


along lines 





This book on child psychology contains chapter 
devoted to the care of the infant at day and night 
to the growth, control and range of temper tantrums 
and to the problem of sex instruction. 


The Soils of Cuba. H. H. Bennerr and R. \ 
ALLISON. 410 $6.25. Tropical Plant R 
search Foundation, Washington. 





The book presents a soil survey of the entire islan 
of Cuba. It defines all the § important soil types 
and shows their distributi- The crop adaptations 
fertilizer needs and ver~* ve features of each so 
type are individually discussed. 


Aladdin U. 8. A. Ernest Greenwoop. 
2.50. Harper & Brothers, New York. 


265 pp. | 





In this book there is set forth a record of the d 
velopment and accomplishments of electricity. TI 
changes which it has brought into our daily lives, its 


social, industrial and political influences are di 
cussed. 

The Mental Life. CurisTIAN A. RUCKMIC! 
248 pp. $2.00. Longmans, Green & Company 


New York. 


A survey of the fundamental facts of the science of 
psychology, written to meet the demands of the ir 
telligent layman and for use in elementary colleg 
courses. An extensive bibliography added for fF 
those wishing further detailed study. 

The Care of Ornamental Trees. C. F. GREEVES 
CARPENTER. 65 pp. $1.25. Macmillan Company 
New York. 


is 


A pocket-sized manual for the owner of trees and 
those who take care of them. It gives brief direc- 
tions for tree surgery: filling cavities, bracing, ca 
bling, pruning, fertilizing, planting, spraying and 


eare of all ornamental trees. 





(See page ix.) 
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BASAL METABOLISM: THE MODERN 
MEASURE OF VITAL ACTIVITY 


By Dr. FRANCIS G. BENEDICT 


OR, 0 BO ( 


fue search of the ancient philosophe rs upon a spr | ane 
the philosopher's stone or the elixi first to ob qu 
life has been fruitless down through ment of the loss in body weight w 
e centuries If. instead of searching volng Ol CONTINUOUS 
r the elixir of life, these men had beings, with periodic gains du 
sought an explanation of life processes, and drink Ilis nvestivatior 
hey would have made much greate? insensible perspiration with this « 
rogress, Tol in the past hundred vears method covered over thirt ‘ \ 
e elaborate studies which have bee result of his findings he tblis 
ade in biophysies and bioeh« MmIstrs eurious book ot aphoris the 
ave explained the mechanistic features number of which are who specu 
life reasonably clearly Thus, al but a few of which indicate that he 
though the philosopher s stone remains obtained 1 rvelousiv clea ree 
infound, life has been bettered and pre 7? certain vil Drocesst 
onged by the fundamental knowledg: he found t t the loss in b wi 
gained regarding its chemistry and greatest when one is aw: 
yhvsies food and that th 1" 
The early investigators wert not large) SS nna vs \A ( col 
wholly indifferent to the Importance ol whollv to Ir present-ai 
knowing what happens in the body du Sanctorius was followed by oth 
hg the processes ol life, howeve) As vestigators, but there was practi 
early as the third century, B. C., Erasis- scientific outeom m thes 
tratus made observations upon the ih ous researches, and the stu 
sensible perspiration of hens and other invisible loss in body wi 
owls. That is, he made crude measure dormant from his tit int bout 190 
ments of their loss 1n hod, weight and when it Was TaKel pag nl - 
the weights of their food and exereta Warre P Lombard 0 \) \ 
\t about the time when our Pilgrim’ Professor Lombard devised an « 
athers were landing in America, Sane narily accurate balance 
torius, of Padua. eoneeived the idea of and nid tin oOundaATION 
weighing himself from hour to hour’ recent work by the Nut 
tors in whl thre NS } avay A 
Address delivered at the ¢ gie Institt 
n of Washington, Washington, D. C., A from hour to hour and 
rom 
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HT 


RIG SANCTORIUS OF PADUA DETER 
MINING HIS INSENSIBLE LOSS IN BODY 
WEIGHT. 


This invisible loss in body weight, du 
chiefly to the loss of water vapor trom 
the lungs and skin, has been found to be 
closely related to the main factors ot 
life processes For our first knowledge 
of the quantitative relations of these 
factors we are indebted to the great 
French savant, Lavoisier, who, nearly 
one hundred and fifty vears ago, studied 
the chemistry of respiration with a tech- 
nique marvelously in advance of any- 
thing conceived prior to his time and 
approximating with singular closeness 
much of the present-day technique. 
Lavoisier was the first to point out that 
all lite processes are accompanied by the 
production of earbon dioxide and the 
absorption of oxvgen by the lungs and 
the liberation of heat from the body. 
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ME 


nan the heat output, the earbon 


elimination and the oxvgeen 


mm are SO closely r ated tha 
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,} 


hy 


uring these along with certain othe 


etors iS possible TO determine 


4] 
ii¢ 


The expe. 


ens of vital activity 
nts may be ealled ‘‘balanee experi 
ents The object of such experiments 
; best illustrated by considering man as 
bank His tood and drink and thi 
ve) which he absorbs from the ! 
resent his mMeco»ne or his cle POsITts 
e urine and feces which are excreted 
water vapor lost from the skin and 
ngs and the ecarbon-dioxide exhaled 


present the outgo or the withdrawals 


mm tiie bank The halanc betwee) 
se deposits and withdrawals or be 
we the income and outgo can be 
easured in terms of energy by means 
calorimeters If there is no dra 
pon body material, obviously the e 
ergy ol income and outgo should ba 
i | they do not balance, the d 
renee In energyv is a measure OL The 
drafts upon or additions to the bod) 
stores Atwater’s findings along this 


line show that ft 


! 
| 


( aw ol the eonserva- 


energy obtains even in as com 


svstem as. the 


Vitalism as such piaved no role in tl 


human body 


LONE 


experiments, for Atwater was conside! 


ing matter and energ\ But the most 
important outcome ol these complete 
halance « xp riments was the finding that 
the carbon-dioxide production, the ox, 


gen consumption and the heat out 


which 


result 
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Lavoisier had shown to be 


ut 


t he 


if life processes are so elosels 


correlated with each other that in orde) 
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to determine the level of vital activity 


one need no longer use the complicated, 


( xpensive . 


time-consuming calorimete) 


or measuring the heat elimination, but 


can measure the oxygen consumption 


alone 


simpler technique 
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a measurement calling for a 


late the heat production. 
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FIG. 4 { SO-CALLED ‘*‘ EMISSION CALORIMETER’? FOR MEAS 
PRODUCTION OF HUMANS. 

breaking down and oxidat on ot this ol hod, material, alice 

body material into its end produets, that heat is develope 

chiefly carbon-dioxide, urea and allied One ot the earliest 


compounds katabolism 


In common parlanes no distinetion is 


the 


‘*katabolism.’’ 


made between words ‘‘anabolism’’ 


because almost it 


and 


variably we are considering katabolism. 


When 


lism, therefore, 


we speak ota study in metabo- 


we mean usually a study 


of katabolism, that is, the breaking down 


reason for heat prod 
body must be warm 
that 


prope rly and 


keep the hody wari 
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1 it is in this 
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concept Ons 


uction was that 


in ordey TO Tune? 


heat 


is produced 


The bod, is or 


narily in an environment much cool 
than the body temperature. It 1s tl 
constantly losing heat to the enviro 
ment, and in order to keep the bo 
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eells at the proper temperature heat are dividuals 

must be produced. This view considers production than = sn 

neat production as the main object ot thoue } a epee 

the chemical processes 1n the body An body tel erature vas 

other conception Is that heat Is a wast that the eating 

product. given off as the result of mus eat production 

cular motions or chemical transforma activit particular! crease 

tions arising for an entirely different mous \ecurate metabolis 

purpose We need not go into an exter to dete e the effe 

sive analysis of the various lines ot faet hy 

reasoning leading to these conce ptions PSs The conditions ot stu ‘ 

except to point out the two main facts ! CuSeS acl l 

that we are producing and giving off pose and 

heat all the time and that we all have a producing heat t \ 

body temperature which is essentia \ sure, but at a rate 

iniform. But the fact that the norma the low { 

bods temperature Is in general constant tions This low he 

does not SIPHITN by any means that a sured under certain re nHiucIble ¢ 

individuals have the same heat produce tions has bee ( 

Ton Because all houses are heated to metahe S] e eondit < 

70° KF. does not mean that the sami prerequisite for the eas 

amount ot coal IS burned in each ct al basa met ibol SI Le | r 

for houses differ in size and construe in complete menta d Ist 

tion. Similarly with man, the differ usu: afte) 

ences in vital activities mean differences a couch, neither 

in heat production. hut comfortably relaxed. at : on 
One of the first thines learned in the hours ter the last me 

study of vital activity was that heat is not have been too 

not produced solely TO keep the body a rm Dod temp 

warm. It is the result of life processes, he metabolism wou 

an end product or, we might Sav, a Waste during sleep and still low 

product. As the boiler, in order to pro onged Sting hut 

duce power, must give off a large amount nsure that nad 

of heat, so is human heat productior during tl 1} 

likewise necessary in order to furnis! isting is undesirab 

motive power for human activities. The In the early ¢« 

relations between the power plant and surements the necess 

the production of work interest the e eont le 

gineer extremely, but the heat produc sn vas not reecog@niz \ 

tion of man and its relation to vital degre movem \ 

activity, indeed physical activity, inter eriods of measuret 

est us all because we are producing heat ours long and not sl 

all the time The economist iS soon to The ! asurement olte ‘ a 

be as much interested in the heat pore the metabolism dul 

duction and productive labor of man as dui yr mod tt act I ( 

he is in the efficiency of the newe} types faetors can be studied | ‘ 

of power plants the ealorimeter. but the « met 
It was found with the ealorimete) SIUgGeIS ! netion designed 


experiments Twenty five vears ago that periods OL meceasurel 
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FIG MEASURING THE HEAT 


effects can not easily be recorded. Fur- 
thermore, the calorimeter is costly and 
difficult to operate, requiring a staff of 
highly trained operators. Fortunately, 
however, since calorimeter experiments 
have the relation- 
ship between the heat production and 
the respiratory exchange, it is now pos- 
sible to obtain a index of vital 
activity by measuring either the carbon- 


close 


demonstrated 


good 


dioxide production or the oxygen con- 


sumption alone. Respiration apparatus 
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WALKING 


DURING 


PRODUCTION 


for such measurements can be secured 
at an inconsiderable expense and require 
the service of but one technician. Short 
periods are possible with the respiration 
apparatus, and hence any transitory 
changes in metabolism can be measured 
The determination of the carbon-dioxide 
production is difficult, for the 


earbon-dioxide in the expired air can be 


not 


collected and weighed, or the air ex 
pired can be analyzed for its carbon 
dioxide eontent. Indeed the carbon- 
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1 1Sk 


xvgen consumption is a some 
what more accurate measure of the heat 
produ Ton than is the earbon cioX ict 
eX! ‘ Since each iter ol OxXVge) 
used 11 metadolism is accompanied by 
he; t lil ration ol about five calories, th 
heat production can be easily computed 
trom the measured volume of oxyvge 
consumed The measurement of the heat 
production has thus become a simple 


process, now available TO eve ry 


in the 


The 


phvsiologieal laboratory. 
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FIG RECENT MODEL OF APPARATUS 
FOR DETERMINING THE OXYGEN CON 
SUMPTION OF A HUMAN, 


have now made certain facts in the field 
clear to 
Thus, it 


metabolism of the 


of metabolism sufficiently per 


diseussion has been 


that the 


same individual remains reasonably uni 


mit of 
found basal 
form on any one day and likewise from 


day to day, when the eonditions oft 


measurement are the same. 


It will he ot interest to note what IS 
the effect. for example ot the ingestion 
of food upon this fairly constant basal 
metabolism In a typieal series of 
measurements made before and afte 
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hundred grams 


the hn ol 


Ingestl 


Olle 


cane sugar the oxvgen 


eonsumpt 


prior to the eating of the sugar was tw 


hundred ce per minute, and twenty 
minutes after the 


to 244 ce 


was eaten ll 


sugal 


increased This finding is 


special importanee, since it indicates ft] 
necessity To! avoiding any stimulus 
digestion durine the period of b 
metabolism measurement 

Muscular work has a still more p 


effect thar The 


nouneed 


Ingestion 


Kven small museular movements 


i wn | 


basal metabolism, and 


affect the 
tabo \ 


work the me 


severe museulat 


mas be increased tenfold accon 


panying photographs show the met] 
ol studving the metabolism of a n | 
during the severe muscular work 
walking on a treadmill at a rapid 1 
or working at a drill press. In o ' 


basal metabolism su 


consideration of 


studies are of the greatest slonificane 
showing the necessity for avoiding ; j 
muscular activity Complete muscu 
repose is imperative 

Having seen that the eating of lo : 
is accompanied by an aimost immed 
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9 MEASURING THE OXYGEN CON 
SUMPTION OF A MAN WHILE WORKIN 
AT A DRILL PRESS 


nerease In metabolism, we naturally 


ask, ‘* How does the complete withdrawa 


of food, or fasting, affect the metabo 
sm?’’ Studies on this pomt have 
shown that during fasting the basal 
metabolism becomes lower and lowet 
each day. One of our subjects (shown 
n the accompanying photograph) fasted 
or thirty-one days, and as ean be see) 
rom the chart, his heat production 
hroughout this period decreased con 
tinuously. It is obvious, therefore, that 
or the comparison of different individ 
uals the basal metabolism can not bi 
measured after prolonged fasting 
Rarely does the body weight of th 
ndividual change to such an extent as 
the result of fasting to have fasting per 
se enter into any such comparisons 
Undernutrition may, however, = fr 
quently appear, not only with the sam 
individual, if studied over a long period 
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BEFORE 
FAST. 


THIRTY-ONE-DAY 


weighing 42 ke., has a heat production 
of 1,200 calories, and the average man, 
70 ke., 
ot 1,700 ealories. 


weighing has a heat production 
Thus, the heat 


duction of the small baby, with less than 


pro- 


one tenth the weight of the thirteen 
vear old girl, is considerably more than 
one tenth of her heat production and 


one twelfth of the heat production of an 
adult 
much. 


man weighing twenty times as 


The baby, therefore, has a high 


heat production per unit of weight. 


Some attempt to allow for size, however, 


is logical, and the heat per unit of mass, 


usually per kilogram of body weight, 


was computed to be used for the basis 


of comparison. From such data we have 


plotted a curve comparing the heat pro- 


duction per kilogram of body weight 
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body 


intants, boys and men up to 94 ke 


with the weight, lol new-hy 


weight. This curve shows that the he 
production on this basis increases I’ 
idlv up to about 8 ke. and then falls « 
again, reaching a fairly constant lev 
74 kg. 

At first it 


div iduals could be 


was that two 


supposed 

compared with ea 
other if they 
but 
thin 
from that of 
both of the 


were of the Same we 


+ + 


it was soon diseove red ha t he 


man has a metabolism diffe 
the short, fat maz 
they 
Height is, 


which affects metabolism. 


are Same we 
anothe. 


With weight 


more or ( 


therefore, 


and height, also 


age 18 
closely correlated. for low weight 


low stature are coincident with yout 
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nd greater weight and greater stature 
with adult life As the number of basa 
? 


netabolism measurements gradually in 
ereased, it became possible to study the 
effect of ag Ideally it would be desir 
ible to measure the sume iIndividua 
from birth to old age That was im 
practicable At first most of the mea 


surements wer mace on people Ol 


college age, as it Was easiest to obtain 
volunteer subjects among college stu 
dents. Later we were able, through the 
splendid cooperation of Dr. Fritz B 
Talbot, ot Boston, to study norma 
children from. birth the babies were 
often inside of a respiration chambet 
forty minutes after birth) up to about 
twelve vears ol age. There was then 

fairly wide gap in the data from the ag 
ot twelve to the college age. but the se 
vices of the Girl Seouts were enlisted 


and this gap has now been filled in fo 


girls. Beyond the college age measure 
ments have gradually been accumulated 
and now, alter some twenty vears < 
work, we have a fairly complet series 
of measurements from birth to old age, 
the ninety vear pe riod being repre 
sented by that Nestor of America 
surgeons, Dr. W. W. Keen, of Philad 
phia, who kindly volunteered to bi 
measured so that the age pieture might 
be complet 

The interpretation of these results 
then became a problem. How is it pos 
sible to interpret the metabolism of a 
child of one vear in such terms as to 
make it comparabl with the metabolism 
of an adult? Obviously the total me 
tabolism can not be compared directly 
We have just seen that the intensity ol 
the metabolism per unit of weight is 


much greater in youth than in late. 
vears. Comparison on this basis, ther 
fore, is only a crude one. Many vears 
ago the conception was originated that 
heat is lost to the environment in pro 
portion to the surface area of the body 
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iG : MEASURING THE BASAL MI 
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the result of a formula, developed b 
Du Bois, it is now possibl rom 1 
measurements of the height and weight 


TO compute t he bod, Suriacs With eo 
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face area, it transpired that the heat 


pr xiuction per unit of area shows less 


variation for different individuals than 
it does per unit of body weight. But 


lo 


even on this supposedlv uniform basis. 


as W he seen from the accompanving 
chart. the heat production varies consid 
erably. ePSHpeclall\ priol tO the Ave ol 


fifteen or sixteen vears. Thus, with new 


born infants it is very low, 600 ealories 
for each square meter of skin area. 
But at the age ot one vear or a weight 
ot ten kilograms it IS at the highest 
point during lite After fitteen vears it 
is nearly uniform The heat production 


BASAL HEAT PRODUCTION 


When the number of metabolism m« 
surements made by the Nutrition Lab 
ratory on different individuals | 
increased into the hundreds with bot] 
sexes, a biometric analvsis of the dat 
was made with the cooperation of P1 
fessor J. Arthur Harris, now at the 
versity of Minnesota, but at tha 


connected with the Department of Ex 


perimental Evolution of the Carneg 
Institution of Washington This b 
metric analysis showed clearly that t] 
ire rour mdependent tors C¢LOS 
correlated with metabolis) nan 

height, weight nd sex Fron 
PER 24 HOURS — FASTING MAN 
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FIG, 


of different individuals, therefore, 
whether compared per unit of bod) 
weight or per unit of body surface, is 
seen to vary with age, and the youth 
has a more intense metabolism than the 
adult. 

These Same curves enable us to «om 
pare boys with girls and men _ with 
women. Up to about one vear of age 
it is seen that there is no difference in 
metabolism between the sexes. But 
thereafter the influence of sex becomes 
pronounced, and the metabolism of men 
and boys is on the average about 12 per 
cent. higher than that of women and 


girls 


Ss 7 0 2 23 2 2 2 aI 
FASTING DAYS 


} 


analysis formulas have been derived, by 
means of which it is now possible to 
predict with reasonable accuracy the 
probable basal metabolism of adults, 
knowing the age, weight, height and sex 
These prediction formulas are used by 
many clinicians in comparing the me 
tabolism of pathological individuals 
with the probable basal metabolism of 
normal individuals of the same physical 
characteristics. Du Bois, analyzing 
much the same data, has also suggested 
another method of predicting the prob 
able metabolism, from age and body sur 
face. The surface area _ prediction 
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method is simpler, and if one does not 
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FIG. 14. 


ascribe too great significance to the rela- 
tion between the surface area and the 
loss of heat from the body, the surface 
area is a practical basis for prediction. 
These prediction standards serve the 
purpose fairly well for the majority of 
the situations confronting the physician, 
although they are woefully deficient in 
old age and in early youth. Both of 
these methods of prediction have been 
used extensively by clinicians and have 
been a real help in many instances, but, 
[ am sorry to say, in other instances a 
false guide, for exactly as the little mark 
of 98.6° F. on the fever thermometer 
has been a fetish for decades, so these 
so-called ‘‘prediction standards’’ of 
metabolism are becoming fetishes of the 
experts in metabolism, and too rigid 
adherence to these standards has not in- 
frequently caused rather serious blun- 
ders. It should be recalled that the 
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prediction method is simply an effort to 


aid the clinician in interpreting the mea- 
sured metabolism of a patient upon 
whom no measurements have ever been 
made when he was not ill. In leu of 
such measurements comparison with the 
predicted normal basal metabolism is the 
only procedure possible 

Our main theme, however, deals not 
so much with the prediction of basai 
metabolism as with the factors affecting 
it. How resistant is the basal metabo 
lism to superimposed factors? One of 
the commonest experiences of every one 
is sli ep. Under conditions ot sleep one 
would expect to have the greatest degree 
of muscular and psychic repose. Hence 
the influence of sleep on metabolism 
possesses unusual interest for us. With 
the type of respiration apparatus ordi 
narily employed for basal metabolism 
measurements (see figures 7, 8 and 10 
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FIG. 16. 


the respiratory movements as well as the 
oxygen consumption of the subject are 
recorded graphically on paper. When 
the man is awake, the tracing of the 
respiration is remarkably uniform, as 
will be seen from the accompanying 
chart. When he is asleep, however, the 
tracings are by no means so regular. 
The measurements obtained in these two 
instances are typical of the differences 
in respiratory mechanics commonly 
found as a result of sleep. Further- 
more, the oxygen consumption per min- 
ute, while the subject was awake, was 
214 ce and while asleep, 189 ec, a drop 
of about 10 per cent. Hence, in view 
of the extremely irregular respiration 
and the lower metabolic level during 
sleep, it is clear that for practical pur- 
poses and for the reproducible conditions 
stipulated for basal metabolism measure- 
ments values found only when the indi- 
vidual is awake can be used for ecom- 
parison. 


CURVE OF OXYGEN CONSUMPTION—SUBJECT AWAKE. 


Usually basal metabolism measur 
ments are made while the subject 
lying on the back. Is the metabolis: 
any lower when the ordinary position of 
sleep customary with the individual 
assumed? Most people sleep on tl 


right side. It has been argued that th 


TABLE 4 

INFLUENCE OF Bopy PosiTIoN oN BASAL 
METABOLISM 

Oxygen (cc.) Consumed 


Subject Lying on per minute 
sack 223, 226, 226 = 22 
he } Side 293, 206 os 
Jae 997 939 ” 
Mr.B. } Side 235, 938 237 
ac 37, 165, 17: = 168 
ate ) Side 173; 178, 174, 173=17 


metabolism is actually lower in this posi 
tion. Recently, however, a series of ex 
periments made with several trained 
subjects have shown not only that it is 
impossible to obtain a lower metabolism 
when the subject is lying on the sid 
than when lying on the back, but that 
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the metabolism is really the lowest when mental activity rather than the intense 





sure- | one is lying on the back. mental effort of a mathematician, for 
tt is It is a common experience that severe example. But in order to study the 
lis) mental work is fatiguing. Most people, effect of mental effort and to secure, 
nof } when lying on the back, are inclined to theoretically, the greatest effect, the 
1 is mental repose, but the influence of men- mental work must be sustained and 
the tal activity must be considered in basal severe. The problem is certainly allur 
the | metabolism measurements, for we can ing. But what is mental effort? It is 
not stipulate that our subjects should be necessary, first, to be sure that we can 
in complete mental repose, with the measure our people without mental effort 
mind a perfect blank, for example. The and then with mental effort. But how 
ed influence of mental effort upon heat pro- can we be sure of sustained mental effort 
duction has interested physiologists for with any given individual? Will t! 
ree many years. In connection with basal reading of a book of poems insure it? 
09 metabolism we are concerned more par- Certainly not. Memorizing a passage? 
37 ticularly with the effect of moderate For some persons, yes, for others, no 
wn TABLE 5 But we agree that with the average col 
r : METABOLISM DURING MENTAL WorkK lege student there is one time (perhaps 
‘j- QUANTITIES PER Hour the only time in the whole year) when 
X- Examination Control he experiences sustained mental effort 
d period period and that is during the hours of his mid 
S eae dioxide en — pa year or final examinations We there 
Water vapor 3993 «6 37.80 a fore arranged with the college authori 
p Heat 98.80 calories 98.43 calories ties to have twenty-two students take 
i Averages of forty-four experiments their examinations, one at a time, inside 
1 
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of a respiration chamber, which was like- 
wise a calorimeter. Subsequently, as a 
control, each was studied in the ealo- 
rimeter at a period some time after the 
examination. To include the mechanical 
work of writing, the students were told 
to copy some simple prose which was 
extremely uninteresting to them. The 
measurements were not made under 
basal conditions, but the only factor 
which differed in the two series of ex- 
periments was the mental effort. Under 
such conditions the specific effect of 
mental effort, if any, should be noted. 
The measured metabolism, when the men 
were under severe mental strain, com- 
pared with the measured metabolism 
during the control period showed no sig- 
nificant effect of mental effort. This is 
very disillusioning to many of us. 

What is the effect of psychic unrest, 
as expressed by mental agitation, dis- 
tress, anger or unhappiness? To plan 
experiments definitely along this line is 
obviously difficult. Incidentally, at the 
Nutrition Laboratory a few years ago 
my associate, Dr. T. M. Carpenter, was 
studying the metabolism of an assistant 
nearly every consecutive morning, and 
this assistant had ordinarily shown an 


0 T 
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unusually uniform heat production. H 
was well trained, remained very quiet 
during the measurements, and there was 
nothing novel in the situation for hi: 
One morning, when Dr. Carpent 
thought he was particularly quiet and 
relaxed, the metabolism was greatly in 
creased. Instead of being satisfied wit! 
two or three test periods, as usual, Dr 
Carpenter made still more, and the me- 
tabolism still remained high. There was 
no fever, and no other cause for the in 
crease was apparent. Questioning, how 
ever, brought out the fact that th 
evening before the young man had at 
tempted to elope with one of the young 
ladies of the laboratory and her father 
had kicked him down three flights of 
stairs into the street, which resulted in 
a great deal of physical as well as menta! 
unrest. The next morning he was ex- 
periencing the after-effects in the shape 
of a considerably increased metabolism, 
which showed even above the seeming 
muscular exhaustion and somnolence. 
These studies on the factors affecting 
basal metabolism covered a number of 
years, and during this time the Nutrition 
Laboratory obtained repeated measure- 
ments on four different staff members at 











fairly frequent intervals. Hence we now 
have available evidence regarding the 
effect of age with one and the same per- 
son, unfortunately not during the rapid 
period of growth from birth to puberty, 
but at least for the period between 
twenty-five and sixty years of life, in- 
eluding the more critical period at about 
forty to forty-five years. From this evi- 
dence it is apparent that from about 
forty years on there is a distinct ten- 
dency for a decreased metabolism, both 
in the measured heat production and in 
the pulse rate. 

With one of the subjects, a woman, 
the age range studied happened to be 
between twenty-five and thirty-five years, 
and during this particular age range it 
was found that the metabolism in gen- 
eral remained essentially unaltered. 
Rather frequently, however, when the 
metabolism was the lowest, it was co- 
incidental with menstrual days, and 
although this subject, an artist’s model, 
is unusually normal and but little incon- 
venienced by the menstrual period, it 
was thought that a slight feeling of 
malaise might have caused this lower 
metabolism. 

We all have days when we feel below 
par and days when we feel better than 
on other days. Is this reflected in the 
basal metabolism? The periodic ex- 
perience of normal women with men- 
struation is usually accompanied by a 
feeling of malaise, and measurement of 
the metabolism during the period of this 
normal, regular function is perhaps one 
of the simplest methods of studying the 
effect of feeling below par. We have 
just completed a series of daily measure- 
ments of the metabolism with this same 
woman over a period of two months, in 
which it is seen that although this nor- 
mal function causes her practically no 
inconvenience, there is a distinct ten- 
dency for the metabolism to be slightly 
lower during the menstrual period. 
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A common remedy for ‘‘that tired 
feeling’’ or the sense of being below par 
is rest and relaxation It is for this 
reason that high-school and college stu- 
Christmas and Easter 


is for this same reason 


dents have the 
recesses, and it 
that practically every one, both the stu- 
dent and the working person, enjoys a 
vacation during the summer. The habits 
of life during the summer vacation are 
From a sedentary 


decidedly altered. 
out-of- 


life indoors we change to a life 
doors in the sunlight. We indulge in 
more muscular activity, such as long 
hikes, swimming and boating, and we eat 
more fresh vegetables, berries and fruits. 
How is the metabolism affected by such 
a change in the living conditions? This 
effect again has been studied by the 
Nutrition Laboratory on twenty-two dif- 
ferent individuals, both men and women. 
These subjects were members of the labo- 
ratory staff, accustomed to indoor desk 
and laboratory work, and the occupation 
prior to the vacation was typically seden- 
tary. The vacation period extended 
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FIG. 19. DIAGRAM OF A FIELD RESPI 

RATION APPARATUS FOR USE ON EXPE 

DITIONS IN MEASURING THE OXYGEN 
CONSUMPTION OF HUMANS. 
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through the entire month of August, and 
the metabolism was measured with each 
subject on at least two different days in 
July and again on two days in Septem- 
ber. The subjects were questioned as to 
the their and in 
every instance indicated that the vaca- 


nature of vacations 


tion was characterized by greater activ- 


ity, more outdoor life and change in diet 


Greatly to our sur- 
prise, however, it found that in 
practically all cases the metabolism of 
these individuals was exactly the same 
after the vacation as before. It is aston- 
ishing that a procedure which results in 
such a profound alteration in the subjec- 
tive feelings, that is, a summer vacation, 
should not have altered in the slightest 
the basal metabolism. This is again a 
strong indication of the fixity of basal 
metabolism. 

In studying the influence of vacation, 
the effect of a change in season from 
spring to summer or summer to fall is 
usually involved. This naturally raises 
the question as to what is the effect of 
season. Is the basal metabolism constant 
throughout the entire year, provided of 
course there are no marked changes in 
body weight, or does it alter with the 
change in seasons? Miss Florence Gus- 
tafson, a teacher in the department of 
physiology at Wellesley College, cooper- 
ated with the Nutrition Laboratory in a 
study of this factor, and measurements 
were secured on twenty young women 
students over a period of fifteen consecu- 
tive months. The results of the experi- 
ments have been assessed only within the 
last two weeks, and we find that there is 
a tendency for the metabolism to be low- 
est in winter, increasing in spring, and 
remaining unaltered till late fall. 

The debt owed to college students by 
physiologists is further accentuated by 
the outcome of a series of observations 
made at Mount Holyoke College, in co- 
operation with Professor Elizabeth 
Crofts. A study was being made to 


and in environment. 
was 


determine whether a night’s rest in 
should precede basal metabolism m: 
surements, that is, whether the amou 
of activity involved in arising in 
morning, dressing and walking or 
ing a street car to the hospital or ot 
place where the observations were to 
made, affected the basal metabolism 
preciably. It was found that the eff 
of such activity had entirely disappear 
after half an hour of complete rep 
and it was concluded that it is unneces 
sary to demand that the subject shou 
be measured in bed, before arising 
the morning, thus avoiding the use of a 
much needed hospital bed. The basal 
metabolism is therefore but little affected 
by the extraneous factors which we hav: 
thus far considered, such as body pos 
tion in bed, severe mental work, or the 
morning activities of arising. 

But in spite of the seeming constancy 
or fixity in basal metabolism, occasion- 
ally influencing factors that ar 
most surprising. While making this 
series of observations at Mount Holyoke 
College, we noted that certain volunteer 
subjects, Chinese and Japanese, showed 
a pronouncedly low metabolism. This 
finding was immediately controlled by 


arise 


measuring a number of other Orientals, 
both at Mount Holyoke College and, 
through the cooperation of Professor 
Grace MacLeod, at Teachers College, 
New York. It was clearly established 
that these Oriental college women had a 
metabolism on the average 10 per cent. 
lower than the standards for American 
women. This difference in metabolism 
is all the more siriking, since it ean not 
be explained by differences in climate 
and diet. These young women had al! 
been for at least one year in America, 
were living in the same college dormi- 
tory and eating the same food as their 
American college mates, and engaged in 
the same activities, and seemingly the 
only foreign factor was that of race. 
Certain observations in China and 
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lier observations in Japan apparently 
yoint likewise to a lower metabolism 
with the Oriental. As a result of this 
ling at Mount Holyoke College, there- 
fore, the Carnegie Institution has 
nlanned to make a fairly extensive study 
of the metabolism of different races, and 
nsiderable progress has already been 
made along this line. 

The attention of anthropologists was 
immediately challenged by this finding 
with Oriental women, and the coopera- 
tion of a number of collaborators has 
already been enlisted. For these racial 
studies a special apparatus has been de- 
veloped at the Nutrition Laboratory, 
which is light enough in weight to be 
readily transportable on expeditions and 
which permits the measurement of the 
oxygen consumption with great accu- 
racy. The subject breathes through a 
mouthpiece connecting with a small can. 
This can, two thirds filled with soda- 
lime to remove the carbon dioxide ex- 
haled, is covered with a light-weight 
rubber bathing cap, which serves as an 
expansion chamber. As oxygen is re- 
moved from the closed system during the 
respiration of the subject, the bathing 
cap, which was at first well distended, 
gradually collapses. Oxygen is intro- 
duced by a hand pump of known volume 
to take the place of the oxygen absorbed. 
The record of the number of pumpfuls 
of oxygen introduced and the length of 
time involved gives a measure of the 
volume of oxygen absorbed by the sub- 
ject. Already eight of these appliances 
have been distributed to members of 
various expeditions. The following dia- 
gram illustrates an experiment made 
with the apparatus on a subject at the 
Nutrition Laboratory. 

Thus far actual returns have been re- 
ceived from measurements made by Mr. 
Morris Steggerda, of the Department of 
Genetics of the Carnegie Institution, on 
a group of browns and blacks in 
Jamaica, B. W. I., and measurements 


BASAL METABOLISM 





made by Dr. G. D. W 


Indians at Chichen Itza, Y ! I} 
results of these measurements h beer 
computed and the manuscripts are now 
ready for the printer. With a group 
thirty-seven male browns Jamaica tl 
heat production on the average was, t 
be sure. 5 per cent below pred d 
heat production for white 1 

north. But since a group of thirteen 
female browns and male blacks had 
heat production pe rfectly compal bh] 
that of white men and women, the evi 
dence of a definite racial factor is ob 
secured. The fact that the hitherto sus 
pected depressing influence of a tropical 


environment did not appear in general 


with these browns and blacks 
again against the idea that the body pro 
duces heat to keep itself warm 

In the Yucatan series, measuremet 
rtain white members 


both be fe r'é t] ey li It 


were made upon ¢ 
of the expedition, 

Boston, while they were in Yucatan and 
after their Other 
measurements were 
whites who had only recently arrived in 
Yucatan. 
as they go, indicate 


Boston. 


return to 


- 
likewise obtained on 


These measurements, so far 


that the sojourn in 


the 


was without effect upor 
thus again 
emphasizing the absence of effect of a 

Singularly enough, 


Yueatan 
metabolism of the whites. 
sub-tropical climate. 
with the Mayas, all of whom wert 
the metabolism on the average was over 


ern standards 


’ 


5 per cent. above the nort! 


Thus not only has the 


for white men. 
environment 7 
the metabolism of these individuals, but 
some factor, presumably racial, has a 
and we have here a higher 


} 
Tf lowered 


sub-t ropical 


serted itself, 
metabolism 
The fact that these 


than that of the northern 


men were 


whites : 
engaged in archeological excavations may 
part of their in 
an athletic per 


higher me- 


possibly account for 
ereased metabolism, for 


son does have a somewhat 


than a person. 


tabolism non-athletie 


However, it seems clear that the degre« 
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of muscular exertion involved in their 
daily occupation could not account alto- 
gether for the high level of metabolism. 
We believe, therefore, that we have with 
the Mayas a definite racial factor which 
is wholly comparable to the racial factor 
noted with Chinese and Japanese, whose 
metabolism was distinctly low. In view 
of the fact that the low metabolism of 
the Orientals has been interpreted by 
some investigators as indicating racial 
inferiority, this high metabolism of the 
Mayas and the contrast between the 
civilization of the Mayas at the present 
day and the high degree of civilization of 
the Orientals speak against interpreting 
a low metabolism as an index of racial 
inferiority or a high metabolism as an 
index of racial superiority. 

Problems of racial metabolism are, of 
course, indissolubly connected with cli- 
mate, and our recent observations in the 
Tropics seem to indicate that a warm en- 
vironment does not lower the basal me- 
tabolism. What is the effect of cold? 
Man ordinarily maintains a uniform 
temperature for his body by adjusting 
his clothing to the temperature of the en- 
vironment, so that changes in the 
weather do not have a pronounced effect. 
What would be the effect upon metabo- 
lism of exposure of the body to cold? 
Investigation of this problem gives us an 
opportunity to learn also what relation 
heat production has to heat loss. When 
the body is exposed to cold by removal 
of the clothing, there is immediately an 
enormous loss of heat, due to the differ- 
ence in temperature potential between 
the skin (which is approximately 33° C.) 
and the air (which is ordinarily about 
15° C.). Asa result of this great loss of 
heat, the skin temperature and, indeed, 
the tissue temperature is lowered, thus 
reducing the difference in temperature 
potential between the skin and the en- 
vironment. Finally, however, the fall 
in skin temperature ceases and the loss 
of heat is adjusted to the prevailing tem- 
perature potential. 


Recently a calorimeter has been dev 
oped at the Nutrition Laboratory, whic 
is sensitive enough to measure the hx 
loss in periods as short as one minut 
A subject was placed inside the cal 
rimeter, nude, but covered with sever 
blankets. The loss of heat under thes 
conditions was first measured for about 
one hour, and found uniform. B 
means of cords inside the chamber, t] 
blankets were then suddenly rolled awa: 
and the nude body was exposed to t 
cold air. As can be seen from the eury 
herewith, there was immediately a pr 
nounced loss of heat. Finally the heat 
loss reached an approximately constant 
level, but the loss was still greater tha 
it was before the blankets were removed 

How does the heat production compar 


TABLE 6 
EFFECT OF SHIVERING UPON OXYGEN CONSUMI 
TION PER MINUTE (SusJecr LyInG, NupDE, 
AT 9:14 A. M.; Room TEMPERA- 
TURE, 11° C.) 


_ Oxygen 
Time 78 Remarks 
consumption 
A. M. ce 
9: 30 211 
10: 10 221 
10: 40 275 Shivering 
10: 55 286 Shivering 


with heat loss, especially when the loss of 
heat is very great? The heat produc 
tion, as we now know, is best measured 
by the oxygen consumption. It has been 
found that the oxygen consumption or 
the heat production increases with ex- 
posure to cold, as does the heat loss, but 
not to the degree that one would expect. 
Thus, experiments were made with th¢ 
same subject studied in the calorimeter, 
an artist’s model who was well trained 
to posing without clothing. After lying 
for fifteen minutes, nude, in a cold room 
at 11° C. (52° F.), the subject’s oxygen 
consumption was 211 ee. per minute, as 
seen from this table. During the next 
forty minutes of continued exposure 
there was but a small increase (5 per 
cent.) in the oxygen consumption, al- 
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though the room temperature was very 
eold for a nude person. Indeed, only 
when the point of shivering, which is in 
reality a form of muscular work, was 
reached, was there any considerable rise 
in metabolism. This indicates that only 
under extreme conditions and as a last 
resort is heat produced to keep the body 
warm, 7.¢., when there is an unusually 
great loss of heat to the environment. 
Under ordinary circumstances, however, 
heat production is an end product and 
not the main object of life. 

Another indication that heat is not 
produced primarily to keep the body 
warm was obtained in experiments which 
Mrs. Benedict and I have made on the 
effect of a neutral bath. In basal me- 
tabolism measurements it has been the 
custom to have the ‘‘room temperature’’ 
presumably somewhere between 15° and 
20° C., and to make certain that the sub- 
ject is comfortably relaxed, neither too 
warm nor too cold. Little, if any, at- 
tention, however, has been given to re- 
eording the kind and amount of clothing 
and bed covering. It has been suggested 
that if the body were immersed in a neu- 
tral water bath at 35° or 36° C. (i.e., at 
essentially the same temperature as that 
of the body), the metabolism measured 
under such conditions would be the true 
basal, that is, it would be lower than 
when measured under the ordinary con- 
ditions prescribed for basal measure- 
ments. Another suggestion has been 
that the metabolism is at its lowest point 
after the subject has left the bath and 
has been lying down for some time. 
These suggestions were tested with sev- 
eral subjects, whose metabolism was 
measured, first, while they were lying 
clothed and lightly covered, in a room at 
15° C., then while they were immersed 
in a neutral water bath at 35° C., in a 
very warm room (30° C.), and subse- 
quently after the bath, when they were 
again lying down, well covered. The re- 
sults of two of our experiments are 
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shown in the accompanying table, from 


which it is seen that there is a slight mm 


crease in metabolism during the bat 


TABLE 7 
INFLUENCE OF A NEUTRAL WATER BATH (36° ¢ 
UPON THE OXY¢ N CONSUMP' 
PER MIN 
( I I M l M 14 
Before bath (lying, clot} 17 168 
In the | ! 96.8° F, SS 1s 
After the bath (lying, well 
cove 1 Lif l¢ 


and that afterwards the metabolism ri 
turns to its initial level. 
clear that the neutral 
not lower the basal metabolism and that 


It is, therefore, 


water bath does 


the ordinary room temperature iS a Satis 
thermal 
basal measurements on the clothed and 


factory condition for making 
suitably covered subject 

These neutral bath experiments indi 
eate that heat is not produced to keep 
the body warm, for the conditions dur 
ing the bath were such that but littl 
heat could be lost from the body and yet 
the level of the oxygen consumption or 
the heat production was not lowered 
The problems of heat 
however, subtle. The 
doubt, produce the most heat when we 


production are 


muscles, without 


are up and actively about, but the cells 
produce a great amount of heat by them 


selves, and whe n the body is ove r} eat d 
the chemical action becomes tremen 
dously accelerated, as in fever 

We know that in disease there are 


creat changes in metabolism, even when 
TOX1¢ 


metabo 


the individual is lying quietly. I 
goiter, for example, the basal 
lism is increased 60, 80, or even 100 per 
eent. and in another thyroid disease, 
myxedema, it is greatly decreased, 40 or 
50 per cent. These changes are now ex 
plained by the fact that there is normally 
discharged from the thyroid gland a sub 
(thyroxin), 


which stimulates metabolism. 


a so-called ‘‘hor 


stance 
mone,’’ 


When it 


is discharged in excess, as in 
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toxie goiter, the metabolism is increased, 
and when its discharge is deficient, as in 
myxedema, the metabolism is decreased. 
In this latter case, fortunately, 
known that administration of the pure 


it is now 


product will inerease the metabolism 
greatly. The intelligent use of basal 
metabolism measurements has been of 


considerable aid to clinicians in handling 
In 
tabolism measurements are practically a 
prerequisite to establish the clinical pic- 
ture for all patients with either toxie 
goiter or myxedema. Hundreds of basal 
metabolism measurements are made each 
week in the United States 
patients of this type. 
Fortunately the majority of individ- 
uals are not afflicted with disease. A 
more affliction is overweight. 
During youth and the period of rapid 
growth, indeed up to thirty years of age, 
statistics show clearly that overweight is 
a distinet asset towards longevity. Be- 
yond thirty years it becomes a liability of 
no mean significance. But the keen ap- 
petite for food so fortunately provided 
for us by nature during the period of 
youth and activity has established such 
a firm habit upon us that the tendency is 
to keep up the food intake, notwithstand- 
ing the fact that with advancing age the 
physical activities are lessened and there 
is therefore an ever-decreasing heat out- 
put. The inevitable result is increase in 
weight, which begins with plumpness, 
passes through embonpoint and finally 
ends up in obesity, which should always 
be called fatness. The chief cause of 
obesity is overeating. Contributory fac- 
tors may be errors of diet, errors in exer- 
cise and certain pathological conditions. 
But when you eat a little more than you 
burn up, it must be deposited in the 
body. The insidious way in which a 
small daily excess may contribute to 
build up fat is illustrated by the fact 
that if but one small pat of butter, cor- 
responding to ten grams, is eaten in ez- 


these two diseases. fact, basal me- 


alone on 


common 
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cess of one’s needs each day for a year 
it will 
eight pounds. 
eaten each day throughout a year, or t 

equivalent amount of candy (a nouga 
tine, for example 
same increase in weight. 


an increase in weight 


Two extra lumps of sugar 


cause 


), would also cause tl 
Basal metabolism measurements hav 
been of incalculable service in studying 
the various types of obesity, and wher 
dietetic restrictions are to be suppl 
mented by medication, such as the ad 
ministration of thyroid to whip up th 
internal metabolism, such measurements 
are imperative. Fortunately for 
people intelligent dietetic control will 
permit of weight reduction. But as the 
increase in weight is usually not sudden, 
but comes on with insidious surety dur 


most 


ing two, three or more years, the removal 
of weight must likewise not be sudden 
but slow. The effect of rapid loss of 
weight is of course most strikingly shown 
with the fasting individual. The man 
who fasted thirty-one days at the Nutri- 
tion Laboratory lost twenty-nine pounds 
and he looked it. (See Fig. 1la and 11b, 
page 14). For the ordinary person 
rapid reduction is a distinctly danger- 
ous procedure. A mild reduction in 
food intake, even no more than simply 
ruling out visible fats, will accomplish a 
great deal. But it must not be forgot- 
ten that obesity is a condition which 
really demands the fullest cooperation 
with a skilful physician. Frequently 
the physician will employ basal me- 
tabolism measurements as an index of 
whether the patient is tolerating the 
weight reduction. 

Exactly as basal metabolism measure- 
ments are used by the physician as a 
general index of the intensity of vital 
processes with the overworking organism 
of toxie goiter and with the underwork- 
ing organism of myxedema, and exactly 
as these measurements are used to help 
him in his control and treatment of 
obesity (along with numerous other 
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so basal metabolism 
measurements are and 
more to be looked upon as the best index 


of the vital activity of any individual. 


nathological eases), 


becoming more 


To a certain extent the basal metabolism 


the “‘indleator 


may be considered as 
eard’’ of the human engine, showing its 
ceneral efficiency, not, to b 
muscular work, as in the ease of the me- 


chanical engine, but at least for the over- 
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sure, for 


head maintenance of the well-function 
ing body prior to putting'on the super- 
imposed tasks of daily life, whether these 
be mental or physical. For physical 
testing of 
necessary, particularly in severe muscu- 
lar work. But here 
measurements superimposed upon basal 
metabolism measurements are giving the 
best picture of the capacity of the body 
for physical exercise, the relationship 
between external muscular work per- 
formed and,the actual energy required to 
the efficiency of the 


capacity further course is 


even metabolism 


perform it and 
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Leviry and laughter are recognized 
as attributes of Will Rogersian jesters, 
but popular opinion gives them no place 
in the life of a research scientist. Fun 
and profundity have always been placed 
in the same class with oil and water. 
They are never mixed. Pep and per- 
sonality are the sine qua non of wild-cat 
stock salesmen, but absent-mindedness, 
self-effacement and a fish-tail handshake 
are accepted by the world in general as 
the inevitable concomitants of brains as 
exemplified by professors. They and 
other savants have ever been pictured 
and portrayed as myopic and sadly in 
need of tonsorial attention. War he- 
roes, motion picture stars and fleet half- 
backs are pointed to with pride, to bor- 
row the politician’s lingo, while a life 
devoted to biology or mathematics, 
acknowledged to be commendable and 
altruistic, is not accepted as a model for 
flaming youth. There are many who 
believe that Captain Kidd and Robin 
Hood are the only ones who really ever 
lived. Magie carpets and Aladdin’s 
lamps are pure fiction pulled out of 
fairy tale books by Douglas Fairbanks. 

It is granted that scientists and pro- 
fessors do not generally display their 
enthusiasm and abandon to joy like the 
Yale students playing goal posts on 
Soldier’s Field. The former have their 
fun on a Saturday afternoon working 
in a laboratory, perhaps malodorous 
and dark, while the latter have their 
particular brand of fun standing in the 
rain and getting sore throats yelling, 
‘*Block that kick! Block that kick!’’ 
If the devotees of Ike Walton see no fun 
in looking through a microscope or 
scrutinizing test tubes or listening to 
radio signals coming from half way 
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round the world, nothing is proved. It 
all depends on what kind of fun on 
likes best. The scientist has his kind 
and feels no need of pharisaic sympathy 
or condescending condolences. 

The only justification for setting down 
these musings is that having seen som: 
thing of fun inside and outside scientific 
circles, there is a possibility that the 
recital of a few instances inside the cir 
cle will afford a little fun and the 
semblance of a thrill to those outsid 
Not ever having made a hole in 1, a 3 
on a par 4 once caused the writer to un 
leash a yell. He has never made a great 
discovery in science, but he has dons 
some work recognized to be worthy of 
publication. He has made a touchdown 
in the last minute of play after catching 
a forward pass, and from a lofty tier in 
the La Seala at Milan, heartily enjoyed 
the antics of Ping, Pang, Pong, singing 
in Pueccini’s Turandot. It has been his 
privilege to visit practically all the great 
physical laboratories of America and a 
goodly portion in Europe, to know 
famous scientists at home and abroad 
and to see and feel some of the enthu- 
siasm and fun which charge the atmos- 
phere at Leiden, Cambridge, Cornell 
and Johns Hopkins. 


Exuisit A 

The antagonism to Galileo and his 
hated telescope became very strong in 
his day. The clergy began to denounce 
him and his methods. One ecclesiastical! 
opponent became known as a punster by 
preaching a sermon from the text, ‘‘ Ye 
men of Galilee, why stand ye gazing up 
into Heaven?’’ Galileo had turned his 
telescope toward Jupiter and saw its 
satellites. On the moon he had discov- 
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ered mountains and craters. In 1610, 
Galileo wrote to Kepler as follows: 

Oh, my dear Kepler, how I wish that we could 
have one hearty laugh together! Here, at 
Padua, is the principal professor of philosophy, 
whom I have repeatedly and urgently requested 
to look at the moon and planets through my 
glass, which he pertinaciously refuses to do. 
Why are you not here? What shouts of laugh- 
ter we should have at this glorious folly! And 
to hear the professor of philosophy at Pisa 
labouring before the Grand Duke with logical 
arguments, as if with magical incantations to 
charm the new planets out of the sky. 

Shades of Sir Andrew Aguecheek and 
Sir Tobey Belch in riotous laughter in 
the tavern of ‘‘Twelfth Night.’’ 


Exuisit B 

Galileo was born on the day of 
Michel Angelo’s death. One might 
faney that this signified the passing of 
the scepter from art to science, for 
science was destined to receive a great 
impetus from this remarkable man. 

The young lady strolling through the 
garden on a clear night and who to her 
escort expressed admiration of the as- 
tronomer’s ability to know the names of 
the stars envisioned the deciphering of 
millions of names. As a matter of fact, 
a person can see with the unaided eye 
only about three thousand stars. All 
persons over the entire face of the earth 
ean see less than ten thousand stars. 
Galileo made a simple telescope, pointed 
it toward the heavens and revolution- 
ized human thought because he multi- 
plied the number of visible stars one 
hundred times. With the aid of long, 
photographic exposures and modern 
developments of the telescope, a billion 
of stars have been revealed. How many 
stars are still behind the veil, of course, 
is not known, but there are many, no 
doubt. Have the astronomers any fun? 
They sit up until three o’clock in the 
morning to see a star in the heavens, not 
in a theater or cabaret. Do they have 
to see a Ruthian homer with the bases 
full to get a thrill? 
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EXHIBIT C 
The aurora borealis is a most gorgeous 
spectacle. Streamers of light and bands 
of color flash across the sky and quiver 
in the zenith. 
aurora borealis, sending a current of 


Man has simulated th« 
electricity through a long glass tube 
from which the air has been pumped 
out. If one tries to send a current o 
electricity with the tube full of air, 
nothing much happens, but after the 
vacuum pump has done its work for a 
little while, streaks of purplish light 
become visible. Then areas of rost 


colored tints, then striae shift from on 
end of the tube to the other With the 
vacuum pump still working, black areas 
develop, and later brilliant blues and 
greens delight the eye. In 1893, Sir J 


J. Thomson wrote the following: 


The phenomena attending the elect 
charge through gases are so beautifu ul 
varied that they have attracted the attent 
of numerous observers. The attention giver 
these phenomena 1s not, however, due so mucl 


to the bea ity of the experiments as to the w 
spread conviction that tl 


e€ 1s perhaps ne ther 


branch of physics which affords us so promisin 


an opportunity of penetrating the secret of ele 
tricity; for while the passage of this ag 
through a metal or an electrolytic is invisibl 
that through a gas is accompanied by the mos 
brilliantly luminous effects, whic! ! 8 
are so much influenced by changes 

ditions of the discharge as to give us many op 
portunities of testing any view we n ry take f 
the nature of electricit of the electr lis 
charge, and of the relation between electr 


and matter. 


One of the phenomena of discharge 
which was receiving much attention at 
the time this passage was written was 
that of the ‘‘cathode rays.’’ Years be 
fore it had been found that the discharge 
in a very highly exhausted tube is 
accompanied by the appearance of thes« 
rays emanating from the negative ter 
minal. They cause a brilliant fluores 
cence of the glass wall where they fall 


upon it. 
Roentgen in 1896, while investigating 
this brilliant fluorescence, made a mar- 
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velous discovery. He noticed that pho- 
tographie plates, amply protected from 
ordinary light, became blackened when 
in the vicinity of such a tube. Continu- 
ing his investigations, he found that 
photographie plates would te blackened 
even when blocks of wood and other 
opaque objects were between the plate 
and the electrical discharged tube. One 
day, a key was placed between the cov- 
ers of a thick book and interposed 
between a photographic plate and his 
tube. Imagine his state of mind when 
he found on the photographic plate a 
picture, more accurately stated, a 
shadow of the key. Among the gradu- 
ate students studying under this great 
man the report spread rapidly that the 
‘fold man’’ had discovered a new kind 
of light, light that will pass through 
opaque subjects. Not much is known of 
this light, this new kind of rays, and so 
they are called X-rays. 

As predicted by Sir J. J. Thomson, 
these X-rays have been a most valuable 
tool in finding out the relation between 
electricity and matter. Hundreds of 
investigators have been at the job. 
They have worked long hours in tiny 
rooms of laboratories throughout the 
world, in dark rooms they have devel- 
oped photographie plates and anxiously 
watched the plate reveal its spots of 
black as the liquid in the developing pan 
played over its surface. The applica- 
tions of X-rays are household informa- 
tion to-day. What fun and thrills the 
scientists had before the days when the 
world at large knew about them. Who 
scoffed at Aladdin’s lamp and magic 
carpets? 

Exuisit D 

From those in whom the wells of 
humor have not been dried up by the 
dust of things, Junior’s experiment in 
seuffing his feet on the rug, and later 
pulling a tiny electric spark from 
grandpa’s ear, will usually extract a 
laugh. On a cold winter morning, a 


young lady whose golden tresses a1 
unmanageable on account of the elect: 
fied conditions imparted to them by 
rubber comb, is at once interested and 
may even get some fun out of he 
temporarily acquired bristling bob. hl 
both of these circumstances, the boy and 
girl can be regarded as an electric: 
instrument known as the electroscop 
charged to 20,000 or 30,000 volts. If o: 
them a strong spotlight is played, they 
lose their electrical charge. The 
bristling tresses now stay where they 
are put and grandpa enjoys his snooz 
unmolested. The mere fact that light, 
particularly the blue portion of the spot 
light, falls upon these electroseop: 
brings about their discharge. This 
phenomenon is known among the scier 
tists as the photoelectric effect. If th: 
light is strong the discharge is rapid 
If the light is weak the discharge is slow 
Heinrich Hertz, of whom one hears cor 
siderable these days of radio, first dis 
covered this phenomenon in 1878. It i 
quite a common phenomenon, particu 
larly apparent in metals like zine and 
sodium, one of the elements in commo) 
salt. To definitely prove for the first 
time that light, a mere beam of light, an 
intangible wand, could be as potent ir 
discharging an electrified body as actual 
contact with a metal rod, must have 
provided genuine joy to this young 
scientist living in Bonn, Germany, th« 
home of Beethoven. Hertz made an 
epochal discovery, that of a relation 
between light and electricity. To-day 
this discovery is one of the funda 
mentals involved in the transmission 0 
pictures over wires and also that most 
recent achievement, television. 


Exnisit E 
Consider further experiments with 
electroscopes, the work of man’s fingers 
A scientist’s electroscope consists of two 
strips of gold leaf suspended from a 


metal rod and put through the sulphur 
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stopper of a glass bottle. When the 


expert maker of signs uses gold leaf to 
place letters on the glass windows of a 
candy shop, he usually gets an audience 
because of his dexterity and also because 
the thin, flimsy sheets of gold leaf ar 
interesting in themselves. Now when 
this electroscope is touched by the rub- 
ber comb which created the bristling 
bob, the gold leaves diverge. If a tiny 
speck of radium, that most interesting 
element discovered by the Curies, is in 
the vicinity of the electroscope, even a 
hundred feet or more away with brick 
and wooden walls intervening, the gold 
leaves collapse. If you are near the 
radium, the collapse is fast. If there is 
no effect, you have no radium. What a 
game! As much fun as children play- 
ing ‘‘I spy’’ with their accompanying 
shouts of ‘‘You’re getting  hot,’’ 
‘‘You’re getting cold.’’ 

Now, in a certain hospital the piece of 
radium used in medical treatment was 
carelessly lost. A stupid attendant had 
thrown it away. Consternation reigned. 
A potent and remedial agent, scarcer 
than the proverbial hen’s teeth and cost- 
ing ten thousand dollars, was gon 


- 


Then some one suggested, ‘‘ Let’s eal] 
physicist.’ Yes, he thought he coul 
find it. With an electroscone tucked 
under his arm and a rubber rod to giv: 
it a charge now and then, the game ot 
hide and seek began. In the ash pile, 


in the waste-paper room, he set up his 
electroscope and watched its diverged 
leaves through a telescope. The ‘‘scent’’ 
was finally picked up. The diverged 
leaves began to fall very slowly. He 
moved to a new location outside the hos- 
pital. The gold leaves were motionless. 
He went in exactly the opposite dire 
tion. The gold leaves collapsed faster 
than before. The general direction had 
become established. (The hounds howl 
and pull on their leash! The lost 
treasure was sure to be found, but there 
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another and another and another similar object 
presented itself. I now focused the lens care- 
fully on one of these, and found that it con- 
tained a few minute granules of some black 
substance, exactly like the pigment of the para- 
site of malaria. I counted altogether twelve of 
these cells in the insect, but was so tired with 
work, and had been so often disappointed be- 
fore, that I did not at the moment recognize 
the value of the observation. After mounting 
the specimen I went home and slept for nearly 
an hour. On waking, my first thought was that 
the problem was solved, and so it was. 


Is this adventure? Is this romance? 


EXuHIBIT G 

A professor of forestry recently had 
an enjoyable experience. Years ago this 
professor had a lot of fun, according to 
his own statement, determining what 
relation the growth rings in tree trunks 
and the general shape of trees had to 
wet and dry ground and to rain and 
drought. Recently the United States 
sued some lumbermen in Arkansas for 
cutting timber that did not belong to 
them. In court the culprits claimed that 
they had acquired rights by the pur- 
chase of claims from early settlers who 
had lived on the shore of a lake that had 
dried up about 1840, in which area the 
eut timber had been. The whole case 
hinged on whether there had been a lake 


or not. Well, this professor went down 
and proved scientifically and conclu- 
sively, using cypress trees and old 


stumps of trees as evidence that there 
had not been any lake present for at 
least 150 years. The government got its 
money all right and, incidentally, just 
to make the joke complete, the professor 
got a substantial fee. If there is any 
man on earth who had a good time, it 
was this research forester. 


Exuipit H 


America’s 


Joseph Henry is one of 
really great figures in science. Whil 
professor at Princeton, about 1830, | 
made important contributions to electro 
magnetism. To-day, electric sparks ar 
provided for gas ignition in thousands 
of internal combustion engines by 
method discovered by Henry. 
three dry batteries connected to a « 
of about one hundred turns, wrapp< 
around an iron core, thence to the cor 
tact inside the cylinder opening a: 
closing does the trick. 

In 1837, Henry was in Great Britai 
and became personally acquainted wit! 
England’s great physicists. He loved t 
spend many hours in the company o 
Michael Faraday, the master experi 
menter of all time. One day at King’s 
College, Cambridge, Faraday, Wheat 
stone and Henry tried to get an electri 
spark from a tiny battery. The English- 
man attempted it and failed. Henry 
knowing the effect of long wire wrapped 
around a piece of soft iron, succeeded 
It is recorded that Faraday became as 
wild as a boy and jumping up and 
down, shouted, ‘‘ Hooray for the Yanke: 
experiment.’’ 

For a scientist, there is no joy lik 
that of working in his chosen field 
Oliver Wendell Holmes ** What 
have we to do with time but to fill it 
with labor, to work, to know, to discove1 
and create.’ 

To this the scientist, like the artist, 
the manufacturer, the business man, 
the poet, the architect, th enovelist and 
the clergyman subscribe most heartily. 
Furthermore, for them it is great fun. 
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tn . x . 
ved tant a feature in the early historv of our which is much the thicker wears 
d te ; ; 
nv ountry because otf its abundane and Its away so much faste! er S W ~ 
J O! Ta, . ‘ . , 

/, why prized fur that the memory still a sharp chisel-edge on f 
xperi My . . , 
aa persists in common geographic names teeth are long and rootless, curving 
Ing 's . } ] 4 ‘ 
1 throughout the north: and it has even back into e sku ne we iW 
1é€at- : : . 

eft its mark in our daily speech, as in- as they wear away trom ust 

-ctric . ‘6 1: ‘ 1 ths { 
li } the expression, to work like a beaver eontinua renewed D rrow 
FiiSshn- 
Recently the public has been taking a behind 
snry . . r | 

7 renewed interest in this fur-bearer, so It is not its appearance we 
ped . , 
ae that we are restocking our wild parks the things whiel does 
ded. and forests where it has long been exte beaver so interesting The anu s 
© as : ‘ ‘ 

; minated by too intensive trapping. In engineer and buildet It construc 
and the Adirondacks, tor instance, any one dams, ceanais and houses I ten ¢ ‘ 
Kec may see the beaver and study his 3m these things in ll n 11 
i markable works along the numberless been credited with almost hu 
ike forest streams of his ancient haunts. In __ ligene 
ld 
) e states where the animal was once almost When beavers star new colony o1 
- exterminated, strict protection has stream the first thing they do 1s to build 

rt ;* brought back the beaver population, per- a dam and make a pond, unless tl 
ver haps increased it over its original stream happ ns to be so deep that this 1s 
numbers. not necessary, or it is so turbulent that 
st, If you do not know the beaver, im- dam building is impossible The first 
im, agine a huge, heavily built muskrat, half step is to eut brush, usually willow o1 
a a foot more than a yard long, with a_ alder, and lay it on the bottom, butt 
J wide, flat, sealy tail, and of much the ends upstream, weighting it down tl 
n same brown color and shape as the musk- gravel, mud and stones dug from. the 
rat, and you have a fair likeness of a bottom above the dam. This is followed 
beaver. The hind feet are broad, and by more brush, and then more mud 
webbed like the foot of a goose, with and so on, until the dam is built to the 
curiously specialized nails on each of the surface. While, so far as I have had 
inner toes. These nails are used in opportunity to observe, tl foundation 
combing the fur, as was confirmed by of the dam is usually, if not always, 
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MEADOW 


composed of branches laid longitud)- 
nally with the current, it would ap- 
pear that as the structure rises, sticks 
may also be laid transversely, as_ the 


examination of the broken ends of dams 
When the well 
along toward completion the 
which the 
brought to it and deposited in 
Digging material from the 


seems to show dam 1s 
sticks from 


bark has been eaten are 


all sorts 
of positions 
bottom leaves a trench of varying width 
and depth above the dam. At first the 
water escapes through the numerous in 
terstices, but the stream brings down silt 
which quickly stops the leaks in the dam 
Soon the structure is tight and the pond 
Probably 
most dams when first built are short and 
straight, but they are continually re 
paired and lengthened, and in their final 
form may As the 
water rises in the pond it tends to eseape 


begins to take form above it 


be quite erooked. 


OVERGROWN WITH 


. COLORADO. 


WILLOWS 


E. R. War -_ oO 
around the ends of the dam, which 
extended to stop this, very likely turnin 
up or down stream, as the topograp! 
may decide Then the water rises hig! 
in the pond, and the dam has to b 
raised. More water goes around the end 


and more extension is necessary It is 


continuous process as long as the pond is 


occupied Beavers are often credit 
with building their dams with an up 
stream curve, the better to withstand t! 
force of the current. True, one ofte: 


sees dams so constructed, but just as fr 


finds them with a downstreal 


The 


think. 


quently 


curve whole thing is a matter o 


chanee, | usually the result o 


extending the ends from time to tim 
Dams are of all lengths, from tiny ones 
a foot or So long. up to the one mentiones 


by Enos Mills, over three thousand feet 





and in height up to fourteen feet 
The height 


long: 


though this is very unusual. 


ae 


hinge 
iph: 
rhe) 
_ 
nds 
IS a 
dis 
ted 
lp 
thy 
el 
rn 
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THE MOST INTERESTING 


the face of a dam rarely exceeds five 


et. and most are considerably lower. 


The size of a pond made by a dam 


pends chiefly on the gradient of the 


stream On one with much fall the pond 


ll be short, not infrequently much 
shorter than the length of the dam. On 
the other hand, a dam on a stream with 

slight fall may back the water up for 
a long distance. An instance is given of 
a dam in the Adirondacks, seventy-five 
feet long, which resulted in a ** beaver 
flow’’ a mile long 

Often there is a succession of dams 
ind ponds along a stream. These serve 
various useful purposes: residence, water 
transportation and travel, and protection 


Water in the 


lower ponds backed against the dams 


of the dams themselves. 


above protects and strengthens them so 
that they more easily withstand sudden 


or unusual strains caused by floods or 


WILD 


floating 


act as reset 


and prevent 


below 


benefits the 


Ine} 


ANIMAL 


} re? 

t?}? 
rs to hold hack 
from dan 
nitalls t! 


the storage of water ir 
the prevention, to sor 
of floods There ar 
beaver ponds made it p 
cattle wl t could not 
the beavers settled on tl 
not be ny s cient Wat 
stock until they came ar 
In certain places beavers 
more water available for 
Crops have been saved by 
When a beaver pond is 
its owners It soon begins 
and oTnel material bi llYg 
stream Vi ry ilkKe ly This 
gun before abandonment 
been Orie ) ITS CHUSeCS 


ponds oO 


| 
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4 BEAVER DAM AND POND 
R. WARREN, PHOTO 


GUNNISON CouUNTY,. COLORADO E. 


drains away, grass and other vegetation 
begin growing, and after a while instead 
of wet swampy ground we have a quite 
dry meadow covered with grass and it 
may finally become covered with willow 
bushes. This result may be attained in 
a very few years, or it may require many. 
Beaver meadows have furnished hay for 
pioneers in many places and have doubt- 
less been among the first lands to be 
taken in the early days of our country. 
The level ground, comparative freedom 
from brush or timber and fertile soil 
rendered them desirable when the land 
had to be reclaimed from a state of 
nature by hard work. 

A sort of romantic interest seems to be 
attached to the beaver’s house or lodge, 





the typieal form of which, stand 
in the pond with water all about it 
ways attracts attention. There are oth 
forms of the lodge which are not so ¢o1 
spleuous. 
the bank, and are ealled ‘‘ bank lodges 
Like the dam, the house is built of stie] 
and mud. 
or bank it usually has a foundation 

some sort, either a small island or a hig 
Spot on the pond bottom ; or the builder 
dig mud from the bottom and pile it « 
the chosen site. 
at the same time make deeper wat: 
about their home. On this foundatio 


mud and brush are piled, somewhat as i 


building a dam. though the sticks ar 


4] 
As tl 


laid erossing in all directions 





These are built on or against 


When away trom the shor 


In doing this last the 

















THE MOST INTERESTING 


} 


strueture rises above the surface little on 
mud is placed on the central portion 
When the house is completed the inter 
stices between the sticks of this part give 
entilation. 

After the lodge is raised to the r 
yuired height the builders burrow up 
nto it from deep enough below the sur 
face to prevent the entrance being closed 
by freezing. The sticks are cut away as 
reached. When the entrance attains a 
point within the structure a few inches 
above the water level the chamber or liv 
ng room is made by a continuation of 

e burrowing, the interfering sticks 
being cut away and earried out. Thi 


| 
' 


room is twelve to eighteen inches hig! 
when completed, and of varying hori 
zontal dimensions. Very large houses 
may have several unconnected rooms, 
each with its separate entrance or en- 
tranees. There may be only one or Two 
entranees to a house and I have found 
asmany asten. I have seen a lodge only 
six feet in diameter, and another 351. 
by 39 feet, the largest of which I have 


any record, and there are all 


sizes be 
tween. The outside of the lodge is often 
plastered with mud, especially at the ad- 
vent of cold weather, and good-sized logs 
and poles are frequently placed on it. | 
saw a railroad tie lying against the side 
of one house, and a water-worn piece ol 
two by four on top of another. 

Many beavers never build lodges, but 
ive in burrows in the banks, and as a 
matter of fact the lodge-dwelling beavers 
are never without burrows to which they 
ean retreat when necessary, if pressed by 
enemies or the lodge is destroyed. Bur 
rows are anywhere from ten to thirty 
feet or more long, having their mouths 
below the surface of the water, but soon 
rising above water level, and having a 
room or chamber at or near the end. 
Some bank lodges appear to be widened 
parts of burrows roofed over. Others 
placed against a bank are probably built 
n much the same manner as those which 





ment, more so 


alone the desired cours ind 


as Spl ings or 


IS dragged down 


ecambium lave rnex 


been made of 


must first be 
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A COTTONWOOD 
E. R. 


and let them fall as they 
usually in the 


venient fashion, 
whieh 
this 


may, direction in 


they happen to lean. Sometimes 
woodeutter chips evenly clear round the 
trunk, 


through 


and sometimes he cuts all the way 


from one side, with g@ood- 
In cutting, the 


a bite at the upper and lower sides of the 


even 


sized trees. beaver takes 


notch, and then removes the chip by a 
sidewise cut and prying action. I have 
seen chips several inches long taken from 
large When felled the 
are cut off and carried 
if not too | 


aspens. branches 


away, and the 
is cut into lengths 
although 
large logs may be stripped of their bark 
and left where they fell. 
beaver lays in a 


trunk, 
suitable for 


arge, 
transporiat ion. 


As winter ap 
proaches the store of 
food in the shape of branches and logs, 


placed in the water convenient to its 


house or burrow. This store is piled on 
the bottom, the 


ing water-logged and remaining in place. 


green wood soon becom- 
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CUT DOWN BY BEAVER 
PHOTO. 
Large amounts of this material are son 


times accumulated by a beaver 


COLO? 
In winter the animals swim under th: 
to the foodpile, 


select a stick and retu 


with it to their home, where they €at 1 
bark, afterward discarding the stic 
These disearded sticks often find the 
way to the dam 


The sticks are carried by taking 
teeth 


them 


with the near one end and eit 


dra legging alongside or throw 


them over the should I’. Lara lows mi 
be rolled to the 


with the forepaws. 


water by ne@ ther 


pus! 


Trees for housebuilding and dams a! | 


as for food, a1 
bark be LO! 
being placed in the structure, 
A tree over three feet 


has been known to 


eut in the same manner 


are often stripped of their 
so that 1 
food is wasted. 
diameter have bee 
felled by beavers. 

probably 


being 


Beavers bear their 


April or May, 


young 


four or five 





some 


ony 


Ie les 


‘tur 
t th 
tick 
their 
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4 DAM WHICH HAD BEEN CUT THROUGH 
BY THE STREAM 


If SHOWS THE MIXED ARRANGEMENT OF THI 


STICKS IN \ COMPLETED DAM, (FUNNISON 


County, CoLo. E. R. WARREN, PHOTO. 


average number. The young are born 
fully furred and with their eyes open 
The young stay with their parents until 
more than a vear old, so that the normal! 
beaver family consists of two adults, the 
vearlings, and the young of the season 
or ‘‘kits’’ as they are called. 

The average number in such a family 
is diffieult to state. One family which 
came under mv observation consisted of 
eight, there being three of each of the 
two ages of young. This may not be far 
from the average, as enemies doubtless 
take toll from both old and young. The 
youngsters are playful, especially in the 
water. In the lodge they have a whim- 
pering note, somewhat like a young 
puppy, without any whining tone. 

It goes without saving that the beaver 
is an expert swimmer, using the broadly 
webbed hind feet as propellers, and ocea- 
sionally seulling with the tail, which is 
also used as a rudder, which is perhaps 
its usual function in the water. The ani- 
mal is able to swim under water several 
minutes at a time. It is an easy diver, 
and ean slip into the water or submerge 
very quietly if it so desires, or it may 
alarm the whole neighborhood with a re- 
sounding whack of its tail as it goes 
down. A beaver has been seen to swim 
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Ih Ga Liye ol ! our or rt 
quently diving with a slap of its tail ap 
parently in sport, though this tail slap 
ping is commonly supposed to be a dar 


ger signal 


Naturally, the beaver has its enemies 


Man, of course, Is the worst Covotes 
wolves, cougars, Ivnxes, bobeats, bears 
all like a taste of beaver meat when t C\ 
can get it Usually the vietims are sui 


prised on land, but occasion 


doubt. one IS take n wrel ! shallow 
water. 

Ever sine The American continent 
was settled the beaver has been trapped 
for its fur, at first man ly lor the pul 
pose ol obtaining material for making 
hats Even now, the formal ‘‘stove 
pipe’? is often referred to as a heave) 


The manufacture of hatter’s silk 


the substitution of the fur ot ‘ out 








4 BEAVER ON THE DAM 
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4 COTTONWOOD TREE 


+ON THE 8S MP IS 


WO FEET 


American nutria for the same purpese, 


put an end to this use. This perhaps 
gave the animal a short respite from th 
trappers. But the fur is of too fine a 
quality not to be utilized, and there has 


At the 
present day it brings a high price in the 


always been a demand for it. 


market. 
resulted 


The persecution by 
the 
over a great part of its range, and prob 


trappers 
in beaver’s extermination 
ably nowhere, except possibly in a few 
favored loealities under strict protection, 
eould it be found in anything like its 
The Yellowstone Na 


former abundance. 


—— 


PARTLY CUT BY BE 


LONG. TRINCHERA Estate, Coto. E. R. WaRR! 
PI 


1OTO 


tional Park is a splendid example of 
Here thi 
great 
in numbers, and often to be seen sw 


result of local 


protect ion. 


mals are flourishing, increasing 


ming in their 


ponds or golng ashore aft 


food. quite indifferent to the si] 


ent spe 
tators who may be standing clos 
watching every movement with t 
oreatest interest It was my belief du 


ing 


the two summers I spent study 
the beavers near Camp Roosevelt in 
park that these were the animals of mos 


interest to the tourist all wanté 


They 


to know about them and to see them. | 





cpm 














THE MOST 
s here that I made a somewhat ex 


ded study of the animal and its 


irks. the results of which are contained 

the Roosevelt Wild Life Annals, ** The 
Reaver in the Yellowstone National 
Wherever protected ly avers iInerease 


Sometimes 


nidlvy. TOO rapidly, one 


might think. Onee exterminated in the 


\dirondacks, a few from Canada and the 
Yellowstone Park were liberated ther 
some twenty years ago. They are now 

imbered by thousands, and it is a ques 
tion whether their numbers should not 


1 


be reduced loeally to prevent further 


lamage to valued trees or where too 
much woodland is being killed by flood 
ng. Such control should be done eare- 
fully and under competent supervision. 
Unrestricted trapping would soon reduce 
the beaver population to the vanishing 
point; but, on the other hand, under 
ecompiete protection they may become so 
numerous as to be their own worst en 
emy, through depletion of the available 


food supply. This is St mething whiel 


See also ‘‘The Beaver: Its Work | Its 
Ways,’’ The Williams and Wilkins Comy 


Baltimore. 


INTERESTING 


seems qu POSSILD LE 
A reasonable number 
be permanently mai nt 
derness regions as thie Ad 
1! eau mio Tine ] ! 
campers and visitors wii 
interested in all forms 
well as l e legitimat 
uable fur from tim 
To eond OLS 

Dut ne tiv xT ( 

ive be Mace I B 
raising beavers CO} ( 
merelal purposes. The 
business W | prob b 1) 
trom inimais sold ! 
stocking 1 er 1 il om 
keted Be use © | ( (| 
the anin nd the 1 ur 
securing suitable plac 
terprises mav be difficult 
some me before man 
captive beavers come 01 
the same time the ttemp 
vers pty will n 
mu niormation as to 
abits na tie ear ‘ 
deed ve alr 
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Or all the features of lowland Colom- 
bia which hold interest for the scientist, 
than 
Yet this 
phenomenon has seldom been 


none is more deserving of a visit 
the mud-voleanoes of Turbaco. 
unusual 
witnessed by others than natives of the 
Alexander Humboldt, one of the 
first scientists to realize the potentialities 


region. 


of exploration in tropical America, vis- 
ited the voleanoes, and through his pen 
alone have we a description of them. 


1A visit 1926, by the 
Killip-Smith Expedition to Colombia, under the 
auspices of the Smithsonian Institution, the New 
York Botanical Garden, Gray 
the Arnold Arboretum. The photographs are 
by Mr. Ellsworth P. Killip. 


made in November . 


Herbarium, and 


A VISIT TO THE MUD-VOLCANOES OF 
TURBACO, COLOMBIA’ 


By ALBERT C. SMITH 


LEVERETT, MASSACHUSETTS 








It Was the rood fortune ot a botan ' 
expedition which recently visited Col 
bia to spend some time at Turbaco 
the 


Although our primary « 


village near which mud-volean 
are situated. 
jective was to collect the plants of 
neighborhood, we welcomed the Opp 
tunity to visit a scene which, perha 
no foreigner had witnessed since Hw 


boldt the region. We 


looked forward to enriching our botai 


traversed 


cal treasures, since plants from the t 
the 
only from Humboldt’s collections. 


ritory near voleanoes are knovw 


So we set out from the town of Tu 


baco, which lies among beautiful ro 








Pets 








IT CAN BE SEEN THAT THE SLOPE OF THI 
OF THEM THE LIQUID MUD IS FLOWING, 


. 9 Spear 






A GENERAL VIEW OF THE VOLCANO FIELD 





CONES IS VERY 
HAVING BEEN FORCED FROM THE 
GASES. 
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GRADUAL. DOWN THE SIDES OF SOM! 


CRATERS BY THE RISIN‘ 
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MUD-VOLCANOES OF TURBACQO, ¢ 


‘COLOMBIA 
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A CLOSER VIEW OF TWO CRATERS 
THE ONE ON THE LEFT IS NOT ELEVATED AT ALL FROM THE SURFACE OF 1 
FORCES OUT MUD. IN THE FOREGROUND THE MUD HAS HARDENED 7 
THE SURFACE IS YIELDING, AND AS DANGEROUS AS QUI 
ing hills a few miles from the north In the center of 
‘ . , . brome " ratas © ¢ 
coast of Colombia. Of all the villages ” karata . 
i os . . cones, ! height not 
which Humboldt visited in South Pheer 
. os meters ese cones 
America, none has he eulogized as Tur- ne Pie 
baco, praising its climate, its beauty mits filled with water. 
and the charm and kindness of the in- — small craters a hollow 
. - . . . ° } rel ? t< = 
habitants. Continuing, he deseribes his s heard a \ fif 
. re s to the diseng 
trip to the volcanoes: r 
‘ ¢ , e fore 
= rT bove 5 I ‘ rt 
The Indians of Turbaco, who aecompanied ; pe ms 
us on our herbalizations, often spoke to us of td s of the Eartl ” 
i marshy country, situate amongst a forest of ; 
. . eX sions “ ! 
palm trees, and called by the Creoles the littl 1 ial 
py ca is ‘ ©) ‘ 
voleanoes, los V olcancitos. They related that, os 
weording to a tradition still existing among stain roseiga 38 ae 
them, this spot had formerly been in flames ; nae 4} , 
but that a very pious man, vicar of the village, 4, » et] 
. . i . « reque 0 © ¢ 
had succeeded by his frequent aspersions of A eee 
holy water in extinguishing the subterranean Fae ! ’ hotl 
=" : rrosicie ! re = ; 
fire. They added that, since this time, the fiery phosphoru that tl 
yhosphorus wm it 
voleano had become a watery volcano, volcan de a oe 13 
agua... Without giving any credit to the ex _ much mor 
. ] gas pu more 
istence of an extent of country in a former rener prepared 
state of ignition, we were conducted by the 
Indians to the Voleancitos de Turbaco; and this From ‘* Researches 
excursion made us acquainted with phenomena tions and Monuments 


much more important than any we could have 
xpected. Rie Vol. Il, p. fe. 
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REALISTIC MINIATURE VOLCANOES 


THESE TWO CRATERS ARE OF THE TYPE WHICH HAVE STEEP SIDES AND SM MO . ; 
ARE IRREGULAR IN ERUPTION, BUT WHEN A DISCHARGE DOES TAKE PLAC} Ss MO 7u 
HAN IN THE MORE PREDOMINANT TYP! 




















THE MOUTH OF A FUMAROLE 
SOME OF THE SEDGES SEEM TO THRIVE IN THE LIQUID MUD, GROWING ON THE CRESTS OF 


VOLCANOES. 
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4 SPECIES OF ACHRIS WHICH SURROUNDS THI 


THE TOUGH FIBERS OF MANY SPECIES ALLIED 


It was with this description in mind 
that we traversed the muddy road from 
Turbaco. The vegetation of the region 
is made up of typical lowland thickets, 
overgrown with creepers and vines, often 
covered with brilliant morning glories 
Occasionally huge trees rise out of the 
jungle, but these are exceptional. Palms 
occur in groves, but are not common. 

In the midst of this tropie vegetation 
is the level space which forms the vol 
eano field. The plain is rectangular in 
shape, about two hundred by five hun- 
dred yards. The soil of this region is a 
dark brown clay, which varies in con 
hard, 


The area is more or less 


sistency from a soft mud to a 


caked surface. 
divided 


into three sections, which are 


separated from one another by irregular 


clumps of sedges. The entire field is 


bordered by a growth of a species of 


Achris (the ‘‘bromelia karatas’’ which 
Humboldt mentions 
It is that the 


raters varies from time to time, but at 


possible 


resent there are between fifty and sixty 


number of 





FIELD 

ro r 
or 
active ones Their dimensions : 
by Itumboldt are considerably exay 
verated, due either to a change whiel 
has taken place in the last hundred 
vears, or to the enthusiastic Imaginatior 
ol the old traveler At any rate at 
present the cones are elevated no mor 
than three or four feet above the sur 
face of the field. and many ol them are 
even less 

In general there are two types ol 


| 


craters, the most preadomimant type bye 


ing characterized by gradually sloping 


sides and a wide mouth, which varies in 
diameter from one to five feet The eold 
and creamy liquid which fills the 

eraters is usually continuous in its 
bubbling ; it sometimes overflows the rim 


ot the fumarole and runs down the sides 


to harden in the 


; ais 
glaring sun Phe 


remaining voleanoes generally have 


much steeper crowns of mud and smaller 


mouths, sometimes only two or three 


inches in diameter. This type is often 


inactive, but occasional forceful erup 


tions eject streams of mud several inches 
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A THICKET COVERED WITH MORNING GLORIES 

THE VEGETATION OF LOWLAND COLOMBIA IS PREDOMINATED BY THESE VIRILI 

MANY-HUED FLOWERS. IN THE REGION OF THE MUD-VOLCANOES THEY ARE P 
DEVELOPED, 


into the air. The only sound which ac- cones and spread the material over 
companies this disengagement of gas is eround, but new gas bubbles app 
a faint bubbling, as that of boiling through the mud. and hence new e 
water. One’s first thought on viewing are formed 

the liquid in the craters is that it is boil- Thus it is seen that the origin of 
ing, but examination proves that it is gas is quite deep in the ground, and t 


cold, and that the commotion is caused ; 
| 7 adie: h, h j 2 * by some chemical method it is fr 
WV gas passing through tt. , ' 
; ; from subterranean strata. Gases wl 
Mud-voleanoes, or air-voleanoes, as ated +] vol 
. : are assoclatec With MmMuUud-VOol canoes 
they are often known, occur in several 
regions of the glob There are tw chiefly hydrocarbons, with more or 
eLYions e Fiove, ere jf e oO . . 
tvpes: first, where the movement is carburetted and sulphuretted hydrog 
and nitrogen 


caused by gaseous discharges, and 
An analysis of the mud from the 


second, where the active agent is steam. 


Those of Turbaco are an illustration of Canoes of Turbaco shows little whic! 


the former type. The cones themselves exceptional. The U.S. Bureau of S 
are formed by an accumulation of fine finds it to consist essentially of qua 
saline mud which is given out, with vari- and colloids (both as coatings on gra 
ous gases, from a crater in the center. and as aggregates) ; with lesser amour 
Gradually these outpourings of mud _ of muscovite, and very small amounts 
harden until a perfect miniature vol- biotite, tourmaline, orthoclase, cale 


eano is formed. Sometimes a hard and traces of zireon. An analysis 


tropic rain will wash down the small Mr. W. H. Fry. 
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any, have surpassed Sir Isaac 


the depth and importance ot 
discoveries It is therefore ver 
ar that some writers deseril 
achievements of Newton re 


legend 


gveration and 
In the room 
rn there Is a ti 


P 1 ’s lines. 


Ny wrt 





s statement indicates 
ss, but it lacks sincerity 
ws lay hid in night’’ ignores Kepler 
» exercised extraordinary mathemati 
keenness in taking Tycho Brahe’s 
servations on the positions of planets 
d from them deducing the three fa 
s *‘Kepler’s laws.’’ The first of 
se laws states that the planets move 
liptical orbits having the sun at one 
the foci; the second, that the straight 
joining any planet with the sun 
ves over equal areas of space in equal 
riods of time; the third, that the 
ares of the times in which any two 
inets complete a revolution round th 
nh are proportional to the cubes of 
elr mean distances from it 
Newton’s earliest studies connected 
th Kepler’s laws and with Kepler’s 
book on opties Had there been no 
Kepler there could have been no New prose 
m as we know him: Newton would guilty of 
ave been compelled to begin research this tr 
further back and to have spent much discovery OT 
fort on preliminaries. Newton’s law is well know: 
f gravitation consigned to the scrap intervened betwee 
eap Deseartes’ theory of planetary me- and his final 
‘hanies. with its famous ‘‘vortices.’’ and <A vital 
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of Newton is, what was the cause of this 


long delay? Here it appears as though 
the fates had conspired to distort the 
facts, to misrepresent the deep scientific 
Newton, to 


struggle 


perplexed 
intellectual 


questions W hich 
the 


which alone could remove the difficulties 


ignore intense 


which his profound mind saw but which 
had the 
popular erroneous account of the prog 


lesser minds overlooked. In 
ress of Newton’s creat discovery there 


is no room for sueh an _ intellectual 


struggle. His delay, so it is claimed, 
was due to a wrong value of the radius 
of the earth. When twenty years later 
the correct value was announced to him, 
the law. 


legendary 


a short computation revealed 
lLlow 


The legendary account minifies the real 
Newton 


simple is this story. 


achievement of 
NEWTON’S COMPUTATION OF 1666 
Let us state the facts regarding which 


Newton had 


there is general agreement. 


taken the degree of B.A. at Trinity 
College, Cambridge, early in 1665. He 
was then twenty-three years old. A 


dreadful plague broke out. the college 
was closed. and Newton returned to the 
was born, in Linecoln- 


eountry where he 


shire, where he remained the larger 
part of nearly two years. Amusements 
so common in our day—the phono- 


graph, cinema, radio, automobile—were 


unknown in his day. Thus a _ person 


silent was 


contemplation 
that 


undue distraction. 


inclined to 


to indulge in with- 


luxury 
Newton’s mind 


free 
out 
dwelled upon problems in mathematics 
and he developed, as his notebooks in 
dicate, the first notions of ‘*fluxions,”’ 
now called the differential 
His mind dwelled also upon 
which 


or what is 
ealeulus. 

the 
had become a common topic of discus- 


eause of planetary motion, 


among astronomers after Kepler 


sion 

had discovered his three laws about 
half a century earlier. Kepler’s laws 
were purely deseriptive in character. 





MONTHLY 


They were three isolated statements 


ing how, but not why. It was nat 





for scientists to search for an w 

Ss 
lving and unifying principle. Ke: . 
himself came very near the trut] a 
he realized that attraction betwee 
bodies was mutual and proportion : 
the mass, and varied with the dist: 
but the exact law of variation ese 
him. He supposed it to be the in 
distance instead of the inverse sq 
of the distance. Newton deduced 
law of inverse squares from Key 
third law, by a process of mathemat 
analysis, a result which was ind e 
dently reached by others. The ¢ . 
reader may ask, what more rem: 
to be done, to establish the law of is 
tation? If this law was found to 
consequence of Kepler’s third lay ; 
planetary motion, why not rest 
the oars and rejoice But the n 
was not quite so simple. In the | , 
place, there remained reasonable d a 


as to the accuracy of Kepler’s - 
law It had been established by . 
duction. It was deduced from dat | 
the positions of planets at succes 


periods of time. Observations are 
approximate, hence the proof of a 


Had the co 


sions of Kepler been checked with s 


is only approximate 


care to warrant 
They had not. 
In the second place, how should 


cient Implicit ac 


ance? 
tance be measured in estimating th: 
traction between the sun and a pla 
Should it be 
surtace? Or 


measured from surfac 


from center to center 
from a point below the surface a t 


No one Ne 


shown that one of these modes ot 


or half way to the center? 


suring the distance was correct an 


others were wrong. The planets 0 


so far apart that a slight error i 
terminal points of a distance does 


matter much. But how would it be 


es | 


large bodies in closer proximity 


one had settled the question. Evid 
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scientists were justified in exercising 
sk »pticism. 

So Newton, whose thoughts were not 
distracted in the quiet of his country 
retreat by radio or cinema, permitted 
his mind to dwell upon this interesting 
problem. Tradition has it that he saw 
an apple fall from a tree at his boyhood 
home and that this incident initiated a 
train of thought on gravitational attrac- 
No one can prove or disprove the 
There is nothing 


However. 


tion. 
truth of this story. 
at this time Newton’s thoughts began to 
dwell upon the earth’s attraction for 
the moon. Was the moon attracted to 
the earth by a force which varied ac- 
cording to the law of the inverse square 
of its distance from the earth? If so, 
checked by mathematical 

A simple process of com- 


ean this be 
computation ? 
putation was published twenty-one years 
later in Newton’s ‘‘Principia.’’ Pre- 
sumably this is in substance the same 
process of reasoning as that followed by 
If in 


him in the computation of 1666. 


A 3B 





some way he could find the distance BC 
(see figure) through which the 
falls toward the earth in a short period 
of time (say, a second), he could com- 
pute the distance a body, in the same 
period of time, would fall from rest at 
D, on the surface of the earth, accord- 
ing to the law of gravitation. The com- 


moon 





puted value could 


with the experimental valu It should 


be premised that if the moon moving at 


A were not attracted by the earth, it 
would travel in a straight line a dis 
tance AB in the time considered But 


the earth pulls the moon down a dis 
tance BC, prevents the moon from ‘‘go 


ing off on a tangent,’’ and causes it to 


move in a curved path. Newton had 
the means of computing BC. He knew 
the distance of the moon from the center 
of the earth to be very nearly sixty 
times the radius of the earth. He knew 
that the moon revolves around the earth 


once in twenty-seven days, seven hours 


and forty-three minutes. Hence he 
could compute the distance AC the moon 
travels in its orbit in a second, and also 


by geometry, the fall BC. Now would 
come the crucial test. If a body falls 
a distance BC when as remote as the 
moon, how far would it fall if it were 
at D, on the surface of the earth, sixty 
times nearer to the earth’s center? If 
the law of attraction according to the 
inverse square of the distance is true, 


the fall at D should be sixty times sixty, 


or 3,600 times greater. But we know 
from actual measurement that a body 
falls from rest on the earth’s surface 
nearly 16.1 feet in a second. Are the 


computed and experimental values the 
We do the 
of Newton’s computation in the year 
1666. We do not 
the computed and experimental values 
But we do about 
the astronomer J. C. Adams dis 
covered in the Collection 
of Newtonian sheet in 
Newton’s own handwriting and contain- 


same ? not know letails 


know how accurately 


agreed. bnew thet 

1887 
Portsmouth 

manuscripts a 


ing a reference to this computation, to 


the effect that in 1666 Newton ‘‘found 


them answer pretty nearly.’’ Yet New- 
ton delayed the announcement of the 
law of gravitation for twenty years 





Why? 
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LEGENDARY ACCOUNT OF THE DISCOVERY 
OF GRAVITATION 
When, after his death, 
“areer came to be surveyed, the cause 
of the twenty years’ delay demanded 
explanation. Newton’s letters to Halley, 
relating to a controversy between New- 
ton and Robert Hooke on the priority of 
advancing the law of inverse squares in 
gravitational attraction, were not pub- 
lished at that time and were not gen- 
erally known. One of the experimental 
data used in the computation of 1666 
was the radius of the earth, by which 
the length of the moon’s orbit was ob- 
tained. A gross error in the size of the 
earth would spoil the computation. Be- 
fore Newton, there were varying esti- 
mates for the size of the earth, some 
fairly accurate, others far remote from 
the truth. According to the legendary 
account, Newton, by a tragedy of mis- 
fortune, used too small a value for the 
size of the earth. This popular account 
rests partly on statements of old age 
with its defective memory; the more 
correct account rests, as we shall see, 
upon statements written by Newton him- 
self and made when he was in the prime 
of life. The popular version is due 
mainly to Henry Pemberton, who in 
1728, the year after Newton’s death, 
published ‘‘A View of Sir Isaac New- 
ton’s Philosophy.’’ He states in the 
preface: 


Newton’s 


It was in the very last years of Sir Isaac’s 
life, that I had the honour of his acquaintance 
. .. he engaged me to take care of the new 
edition he was about making of his Principia. 
- . » Though his memory was much decayed, I 
found he perfectly understood his own writ- 
_ a 

Supposing therefore the power of gravity, 
when extended to the moon, to decrease in the 
same manner, he computed whether the force 
would be sufficient to keep the moon in her 
orbit. In this computation, being absent from 
books, he took the common estimate in use 
among geographers and seamen, before Nor- 
wood measured the earth, that 60 English miles 
were contained in one degree of latitude on the 


surface of the earth. But as this is 
faulty 
about 6914 of our miles, his computat 


degree ( 


supposition, each 


not answer expectation; whence he « 
that some other cause must at least 
the action of the power of gravity on th 
On this account he laid aside for that t 
further thoughts upon this matter. 

This explanation sounds very plau 
The next step in the growth of 
legend was the dramatization of N 
ton’s behavior when Picard’s  exae 
earth-measurement, given out in 167] 
became known to him. It is said 
in repeating the earth-moon com} 
tion he was taken with such int 
emotion that, to carry it to a finish, | 
had to secure the assistance of a fri 

As a poet puts it: 
. . . his hand shook 
And dropped the pencil. ‘‘Work it 
me,’’ 
He cried to those around him; for the w 
Of that celestial music overwhelmed him 

These seemingly plausible and poet 
accounts do not rest upon sound fi 
dation. The story of Newton’s suppos 
intense emotion first appeared in 15 
in Dr. Robison’s ‘‘Mechanical Philoso- 
phy,’’ about one hundred and twenty 
years after Newton announced his gr 
discovery. 

As to Pemberton’s account, we hav 
made an intensive study of it and hay 
found it in conflict with certain histor- 
ical facts and with Newton’s own writ- 
ten statements. Pemberton says tha 
Newton’s computation of 1666 ‘‘did not 
answer expectation’’; Newton himself 
said that he ‘‘found them answer pretty 
nearly.’’ Pemberton refers to the siz 
of the earth as estimated by Englis 
seamen, but he is mistaken as to the 
kind of miles used by seamen. They 
commonly took the degree of latitude t 
be sixty miles, not English statute miles 
of 5,280 feet each, as Pemberton claimed, 
but miles of 5,000 feet each. Newton 
himself, in his ‘‘Principia’’ used miles 
of 5,000 feet each. If in 1666 Newton 
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took, as Pemberton claims, the seamen’s_ the cause of his delay in publishing the 
estimate of a degree, he used sixty miles law is a gross distortion of the facts 
5.000 feet each, when he should have 
ysed nearly 69.1 English statute miles 
¢ 5,280 feet each; his computed value 
ld have differed from the experi- What was the nature 
diffeulty? Why di 


ol : 
A NECESSARY STEP IN PROVING THE LAW 


OF GRAVITATION 


d he cit 


mental value by as much as 18 per cent. 

d he could not possibly have ‘‘found twenty years the announcement 
m answer pretty nearly.’’ Such an law of gravitation? It 

theory which less profound t 


expression of agreement would have _ in the 
had complete ly overlooked. It 
) 


en absurd. Again, Pemberton says ers 
that Newton was ‘‘absent from books,’’ the probl 
but Newton’s account of expenses dur- attracts an outside 
ng 1665 and 1666 shows that he pur- 
ased ‘‘Gunter’s Book and Sector.’’ 
Most probably this was one of the books 


uM 


m, how a homogeneous sphere 


ntaining a description of the sector 
nd eross-staff, wherein Gunter urges 
the adoption of Snell’s careful measure- 
ments of the earth, made in the year 
617, which were equivalent to sixty-six 
and two-thirds English statute miles per 
degree. Most probably this was the 
value that Newton used in 1666. The 
mswer would have been within 4 per 
ent. of the truth and might well have 
elicited the remark that he ‘‘ found them 
mswer pretty nearly.’’ The role of 
this eopy of Gunter’s book in Newton’s 
great discovery has been hitherto over- 
looked. Richard Norwood in 1636 had 
measured the distance between London 
and York and obtained a still more ac- 
‘urate value for the size of the earth. In applying the gravitational hypothe- 
We do not know that in 1666 Newton sis, should the distance be measured 
was familiar with that estimate; its use from the outside particle to the center 
would have reduced the error far below of the earth, or to a point nearer or 
4percent. We see that Pemberton lays ¢. ther than the center? Primarily the 
all Newton’s troubles relating to gravi- force of gravitation acts between minute 
tation to his use of a wrong value for parts of bodies. Each small particle of 
the size of the earth; Newton nowhere the earth attracts the outside particle 
makes such a statement. He nowhere ‘These attractions are not all of the same 
ascribes his delay to a wrong value for intensity, because some particles are at 
the earth’s radius. But he does point a greater distance from the outside par- 
to theoretical difficulties which at first ticle than others. Moreover. the diree- 
he was not able to overcome. tions of these attractions vary. It is a 

Thus it appears that the popular story difficult mathematical problem to find 
relating to Newton and gravitation and the resultant of all these forces. It is a 











the 


the result 


the year 


will be. 


16384. 
much simpler and more beautiful than 
The distance must be 


he had expected. 


measured from the center of the earth 
to the outside particle. 
claimed the 
his own prior discovery, had assumed 


W ho 


all this without 


letter 


objection 


this proportion, tha 


stranger, 


acecurate.’’ 


his 
71. 
Dr. J. W. 


dated 
wrote to Halley: ‘‘ There is so strong an 
of 
without my demon- 
strations to which Mr. Hooke is yet a 


‘*Prineipia, 


against 


Re ybert 
eravitation 


June 1686, 


accurateness 


subtle problem in the integral calculus. 
Nor is it easy to anticipate just what 
Newton solved it in 


came out 


demonstration. In a 
Newton 


it can not be believed by a 
judicious philosopher to be anywhere 


His theorem is proved in 


9 


Glaisher wrote 


Propositi yn 
Relating this important 


L. 


theorem, 


in 1888 at 


the bicentenary celebration of the pub- 


lication of the ‘‘Prineipia’’ 


- **No sooner 


had Newton proved this superb theorem 


—and we 


know 


from 


own words 


that he had no expectation of so beau- 
tiful a result till it emerged from his 
mathematical investigation—than all the 
mechanism of the universe at once lay 


spread before him. 


PUBLICATION OF THE ‘‘PRINCIPIA’’ 


Newton’s 


manifold. 


gravitation, 


intellectual 
He worked 


optics, 


interests were 
the fields of 


comets, 


algebra, geometry, infinite series, flux- 


ions, chemistry, 
fact in almost any 
which happened to 


biblical 


eriticism—in 
intellectual realm 
his fancy. 


What circumstance directed him toward 


preparation of 


the ‘‘Principia’’? 


The answer to this important question 
involves the astronomer, Edmund Hal- 
ley, who was the son of a soap manufac- 


turer and was fourteen years younger 
He had been a student at 


than Newton. 


Queens College at Oxford. 


Interested in 


Hooke, 


as 
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astronomy from boyhood, he went 
age of twenty to St. Helena to 


the positions of fixed stars in the s 


ern heavens. 
was meditating on the problem of 
tation: he had come to admire Ne\ 


pe ywers, 


from London to Cambridge to ask 
ton a question. 
what would be the curve described 
planet on the supposition 
diminished as the square of the dist 


Newton 


ously that the curve was a 


for some 


question had arisen in his corres 
Hooke and had 
Halley naturally desir 


see the proof, 


ence with 
by him. 


able to find his notes, promised to s 
the proof later. 


tions on central forces. 
importance of the results and at 

paid a second visit to Cambridge, 
eonfer with 
Halley extracted from him the } 


that he 


Society, of which he was a member. 
a meeting of December 10, 1684, Hal 
gave an account of Newton’s treatis 
Fortunately Newton conti! 
About this time, 
soon after, he proved the fundament 
theorem on the attraction of a 
upon an outside particle, that subt 
problem which before this had baff! 
On April 28, 1685, 


motion. 


work on this topic. 


his best efforts. 
first book of the ‘‘Principia’’ 
to the Royal Society. 


finished in 





Like other astronon 


was able to answer instant 


He worked it out ag 
and, extending his researches, was 
within three months to send 
manuscript 


communicate 
searches on this subject to the R 


Newton was 1 
working with an intensity of effort 

a brillianey of success seldom, if e\ 
equaled in the history of science. 

second book of the ‘‘Principia’’ 
summer of 1685. 
March, 1687, Newton sent Halley t! 

















ond together with the third and final 
hook of the ‘‘Principia.’’ 

At this time two events threatened to 
thwart the publication of the ‘‘Prin- 
’. one was controversial in nature, 


S 


Dla 
he other financial. No sooner was New- 
ton’s first instalment presented to the 
Royal Society than Robert Hooke en- 
tered a claim of priority, the claim that 
the law of gravitation was his own 
earlier discovery and that Newton was 
ndebted to him for it. Newton, who 
was always sensitive to criticism, was 
ereatly disturbed and wrote Halley 
letters denying any such indebtedness 
ind showing that his gravitational re- 
search was much earlier than that of 
Hooke. There is no doubt that Hooke 
had arrived at an hypothesis regarding 
eravitation, as had also Wren and Hal- 

y, but Newton was the only one pos- 
sessing the penetrating genius which 
hanged the hypothesis into a certainty. 
Newton also wrote Halley that he wished 

withdraw from publication the third 
book of the ‘‘Principia,’’ the very book 
which contains the application of ab- 
stract theory to the motions of the mem- 
bers of the planetary system, to the 
shape of the earth and to the tides. The 
tact and devotion of Halley saved the 
day; he sueeeeded in pacifying Newton 
so that the publication of the entire 
work was allowed to proceed. 

As early as May 19, 1686, the Royal 
Society ordered that Newton’s book be 
printed. One difficulty was encountered 
in carrying out this order; there was no 
money in the treasury! The society was 
issuing a book on the history of fishes, 
which had absorbed the available funds. 
Thus a book which does not in the least 
interest scientific men of the present 
day stood in the way of perhaps the 
greatest scientific book ever written. 
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Selence progress was on the verge of 








a real catastrophe A tragedy of mis 


fortune was impending. A second time 


Halley came to the rescu | s 
well-to-do parents, Halley had been ac 
customed in his earlier career spend 
money freely. Althougl s ti 
he was less prosperous financially and, 
moreover, had a family to support 
nevertheless he assumed the entire 


financial burden: as a mathematician 


and astronomer of real insight, he was 

fully able to recognize and admire the 

great merits of Newton’s bool The 
+ ] 


second calamity was averted 
The reception of Newton’s gravita 


tional theory was not immediate, not 
even in England, or even in Cambridg 
The ‘‘Principia’’ was not food for 
babes. An understanding of it called 
for mathematical training of a hig! 


order, and willingness to devote mii 
night oil to its mastery. The older and 
rival ‘‘theory of vortices’’ of Descartes, 
according to which the plan S are car 
ried around in their course, as is a chip 
of wood in an eddy of water, presented 
a picture at once comprehensible and 
satisfying to the uncritical mind. For 
about forty years after the publication 
of Newton’s ‘‘Principia’’ in 1687, the 
Cartesian system maintained a foothold 


+4 } 


l 
Voltaire, who attended 


in England 
Newton’s funeral, declared that at his 
death Newton had not above twenty 
followers in England. On the continent 
the vortices of Descartes were still in 
great favor, but by the middle of tl 
eighteenth century they were being 
rapidly displaced by the Newtonian 
system. Since that time the celestial 
mechanics of Newton has held undis 
puted sway. Not even the r 
theory of Albert Einstein can claim to 
have upset it. That theory, if true, 
constitutes a generalization of Newton’s 


system, not an overthrow of it 
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THe element radium, more than any 
of the other known elements which make 
up our world, has served to give man- 
kind a knowledge of the nature of these 
elements and of the history of the world 
which they form. It has given us an 
insight into the structure of the atom 
and of the relations between the atoms 
of different elements. This has come 
First of all, through 
observation of the disintegration proc- 
esses which the 


about in two ways. 
radioactive elements 
undergo; and secondly, by using as 
probes the swift alpha particles emitted 
by radium. These are shot out at a 
speed nearly one tenth of that of light 
and penetrate into the very hearts of 
atoms, and by their behavior give us 
much information regarding their struc- 
ture. In addition, radium is making a 
large contribution to the physical wel- 
fare of man in the treatment of disease. 

The radioactive manifest 
their presence in a number of different 
ways. 


elements 


They cause certain substances, 
such as zine sulfide, to fluoresce in the 
dark. They photographic 
plate. Their most convenient manifes- 
tation, however, for both quantitative 
and qualitative scientific work is their 
ability to ionize gases. This is indicated 
by the rate at which an electroscope is 
discharged in the presence of radioactive 
material. 

The characteristic that differentiates 
the radioactive elements from the other 
elements is their spontaneous disintegra- 
tion. Before discussing disintegration, 
however, a few words concerning the 
structure of the atom will not be amiss. 

According to the very earliest ideas 
matter consisted of small discrete par- 


blacken a 
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These atoms wer 


ticles or atoms. 


posed to be the very smallest part 
that could exist; the particles that 
obtained by subdividing matter unt 
eould be subdivided no further 
was the generally prevailing view 
the discovery of the radioactive ele: 
There had been other theories, but 
was no evidence of an experi 
nature to support them. With th 
covery of the radioactive elements 
the knowledge that the atoms wet 
the ultimate indivisible units of n 
but that they themselves could bi 
up into smaller units, namely, p1 
and electrons. 

The electron is one of the ultn 
constituents of all matter. It is the 1 
charge of negative electricity. Its p: 
ence was first shown in a conclusive 1 
ner by Sir J. J. Thomson in 1897. 
showed that the so-called cathode r 
really consisted of a stream of part 
smaller than atoms which were alv 
of the same size, regardless of how 
were produced or from what they wv 
produced. 

We now know the mass and charg 
the electron to a high degree of accurac) 
due to the measurements made by P: 
fessor R. A. Millikan. 

The other constituent of all matter 
the proton or positive charge of e! 
tricity. All the known kinds of matt 
are made up of these two kinds of bui! 
ing material, 


arrangements of the protons and ele 
trons. 

Through the work of Sir J. J. Thom- 
son, Sir Ernest Rutherford, Niels Bol 
and many others, we have a very de- 


their differences being 
solely due to the relative numbers and 





tailed picture of this structure. Each 


m consists of a nucleus of positive 
ectricity in the center surrounded by 
e or more electrons rotating about it 
in elliptical orbits. The simplest atom 
f all is the hydrogen atom with a 
nucleus of one proton and a single elec- 
tron rotating about it. Next in order of 
increasing size of nucleus is helium. 
The helium nucleus consists of four pro- 
tons and two electrons, so that the net 
harge on the nucleus is two; and rotat- 
ng about this are two electrons. Next 
mes lithium with a nucleus containing 
seven protons and four electrons, leav- 
ng a net charge of three on the nucleus, 
d rotating about it are three electrons, 
nd so on. 
The atom is always visualized as a 
minute solar system with a small com- 
pact sun composed of positive and nega- 
tive charges (but always with an excess 
of the former) and planetary electrons 
rotating about the sun in numbers equal 

the net positive charge on the nucleus. 

The nucleus of the helium atom ap- 

pears to be a very stable group and we 
often meet with this group of four pro- 
tons and two electrons which is known 
as an alpha particle. In the last analy- 
is, however, this too reduces to the 
ultimate units of protons and electrons. 
To return to the history of the radio- 
active substances: After the discovery 
of X-rays search was made of many sub- 
stances to determine whether they too 
might not emit a penetrating radiation. 
Henri Beequerel performed some experi- 
ments on uranium which showed that it 
possessed the power of emitting a very 
penetrating radiation. He placed some 
of the salts of uranium in a black paper 
on top of a photographic plate and inter- 
posed between the two a piece of silver. 
He found on the plate a photograph of 
the silver. Further experiments showed 
that the radiation from the uranium 
which acted upon the photographic plate 
was capable of passing through thin 
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pieces of glass and other mater als 


Beequerel also showed that these rays 
emitted by uranium posst Sse l the power 
of discharging an electroscope Later 


thorium was found to possess this sam 
property. 

Mme. Curie studied this behavior in a 
large number of substances containing 
uranium and thorium. She found some 
specimens of the mineral pitch! 
which showed an activity four t 
times that of uranium since she Nad 


already shown tha 


t 
> 
Jt 


always strictly proportional to 


amount of the element present, and since 


the activity of these substances was 
more than that corresponding to t 
amount of uranium present, some othe! 
highly active unknown substar must 
be present. Further work proved 1 
correctness of his hypothesis ind i 
to the discovery of the n ler t 
radium. 

It is a very heavy metallic elemer 
Its most remarkable properties are thos 
centering around its disintegration. Ra 
dium is found to have th property of 
acting on a photographie plate and of 
causing the discharge of an electri scope 
A detailed investigation of this behavior 


showed that the radium radiation is 
complex and is of three kinds, now called 
alpha, beta and gamma rays. These rays 
are being constantly given off by th 
radium at a rate entirely independent 
of any external conditions, such as tem 
perature or pressure. 

The alpha rays have been shown to be 
nothing other than atoms of helium 
projected from the radium atom with 
enormous velocities, some as high as one 
tenth of that of the velocity of light. 
The beta rays are electrons hurled from 
the atom with even greater speeds than 
the alpha particles. It is not surprising 
that with speeds such as these particles 
can penetrate considerable thicknesses 
Nor is it surprising that in 


of matter. 
the atomic cataclysm which leads to the 
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ejection of these two particles a disturb- 
ance is set up in the ether which gives 
rise to a very penetrating X-ray of very 
short wave-length known as the y-ray. 

We may consider these radiations from 
two points of view; their effect on the 
atom from which they came; and on the 
matter through which they pass. 

Let us first consider what happens to 
the radium atom when it gives off radia- 
tion. What it is that causes this re- 
markable phenomenon we do not know, 
we are only able to observe what takes 
place and to measure the rate at which 
it occurs. We know that out of the 
2.7 x 107" atoms in one gram of radium 
3.4x10*° will disintegrate per second. 
At this rate in 1.730 years half of the 
original quantity of radium would have 
broken up. 

When an alpha particle is ejected the 
nucleus loses the two positive charges 
associated with it and so there must be 
a rearrangement of the electrons in the 
surrounding orbits. The new atom is 
lighter than the old one by the weight 
of the alpha particle which it has 
ejected. Its atomic number, as the num- 
ber of positive charges in the nucleus is 
called, is smaller by two and its chemical 
and physical properties are no longer 
the same. It is a new substance. It is 
called radon (radium emanation) and 
happens to be a gas. This atom, like its 
parent, is unstable and after a time 
emits an alpha particle and forms a new 
substance known as radium A. Radium 
A eventually passes into radium B. 
Radium B manifests its instability in a 
slightly different fashion by emitting an 
electron or beta ray and so the process 
continues until eventually a product is 
attained which is stable and undergoes 
no further changes. This product is 
lead. It is only a matter of time before 
each atom of radium will become an 
atom of lead. 

Similar processes take place in atoms 
of other radioactive elements. It is this 
characteristic of disintegration that dis- 
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tinguishes the atoms of the radio 
substances from the other ele 
They are continually undergoing c! 
and passing from an atom of on 
of substance to an entirely new 
stanee. It is this behavior and its 
planation by Professors Rutherford 
Soddy that gave the first proof that 
atom was not a simple entity but a 
plex one, and that by some kind « 
arrangement it could be changed 
another substance. What takes pl: 
the atoms of the radioactive element 
the realization of the dreams of 
alchemists, the transmutation of 
elements. 

There is still another way in w 
the radioactive elements have given 
an insight into the structure of matt 
due to the work of Sir Ernest Rut 
ford and his coworkers in the Cave 
Laboratories. The alpha particles 
off from radioactive atoms have | 

used as probes with which to search « 
into the centers of other kinds of at 

This method has been very fruitful 

has given much information regard 
the sizes and weights and atomic 1 

bers of atomie nuclei. 

It has been possible by bombar 
atoms with swift flying alpha parti 
to partially disintegrate them. T 
we have not only been able to obs 
the transmutation of the elements 
ing place in the radioactive series, | 
we have even been able to cause it 
take place at will in other substances, 
only on a very small scale. 

In the hands of the physicist : 
chemist radium has been a powerful t 
In the hands of the medical man it is 1 
its infaney as an aid to the treatme! 
of disease, particularly malignant 
growths such as cancer. 

If we but knew how to control disir 
tegration of this kind and cause it 
take place at will, the engineer might 
find in a few grams of matter the energ) 
for which he now has to consume tons 
of fuel and our whole economic system 
and daily life might be revolutionized. 


















Ir is generally supposed that harbors, 
ready cargoes and an abundance of ship- 
building materials make a great ship- 
ping nation. But there have been na- 
tions which possessed ali these qualifica- 
tions in the first degree, and which at 
the same time had almost no shipping 
business. On the other hand Holland, 


for 


of cargoes or shipbuilding materials had 


r example, with no important source 


at one time almost a monopoly of the 
world’s shipping trade. The ships of 
Norway, the most intensely maritime of 
modern nations, make comparatively 
little use of home harbors. Nowhere in 
the literature of history or of economics 
are these things explained. 

Let us see if we can not apply the 
method of science to the enigma—pro- 
ceed exactly as would the chemist or 
geologist or diagnostician. First, we 
shall isolate and define our problem. 
Next we shall try to form an hypothesis 
that explains it. Then, by assembling 
the greatest possible number of similar 
instances, we shall test this hypothesis to 
see if it is worthy of future detailed 
study. Let us try it. 

Our problem, stated in simplest terms, 
is: What is the key circumstance which 
forces or leads nations to develop a great 
overseas carrying trade? 

An hypothesis is an intelligent guess, 
not a random shot, but a conjectured 
explanation based on experience. It 
should rest upon a rather wide experi- 
ence, the experience of actual contact or, 
where that is impossible, the second- 
hand experience of reading and study. 
But an hypothesis, however intricate and 
extensive or simple and special and in 
whatever science, is nothing more or less 
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than a thoughttul conjectur 1 eX 
perience 

T) follow? not] — 

| if LO] ving I Vpo eS1S a r re 
Tt cours Sa singel rm 7 nw ‘ +) 
hang the whole of sea h stor C)ther 
explanations of the presence or abse1 


of a carrying trade—such as an abun 


dance, or lack of harbors, cargoes, ship 


Apt 
building materials—are entirely valid 
Wl at we now off r is me rely At ll; Ter ! 
hypothesis which may prove upot 


ther investigation to be founded ipon a 


universal and key circumstane Na 
tions do not develop an overseas carry- 
ing trade until they are forced to; mar 
kind does not go to sea ext by neces 
sity; man is not a marine animal \ 
nation develops an overseas carrying 
trade only when other outlets for ec 


nomic activity are absent or have been 


destroyed 


Having defined our problem and pri 
sented our rather simple hypothesis, th 
next step in the process is to test this 


hypothesis by induction: we must turn 
back through the pages of history and 
assemble a complete array of nations 
which have, as a matter of clear and 
definite record, established an important 


} 
‘ 


overseas carrying trade, and find it 


every instance they have lacked ade- 


quate outlets for economic activity 

The first nation to develop a notable 
merchant marine and to secure the bulk 
of the world’s carrying trade was the 
Phoenician. Phoenicia, a narrow strip 
of territory extending along the eastern 
shore of the Mediterranean, was well s 


uated for trade with the dominant e¢lv)- 


1 Day, Clive, ‘‘A History of Commerce,’’ p. 
13. 
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lized countries of the time.’ 


accepter 


brought the first rudiments of civiliza- 
tion to Spain.® Just before the opening 
of the Christian era, King Necho sent out 
an expedition to attempt a circumnavi- 
gation of the continent of Africa. He 
also started to dig a canal across the 
Isthmus of Suez. The canal was after- 
ward completed—nearly two thousand 
years before Benjamin Disraeli, a near 


4 


relative of the Phoenicians, put a back- 
bone into the amorphous British Empire 


by aequiring the Suez Canal.*® 


This great seafaring people, the first 


seafaring people to whom the term great 
could possibly be applied, lived upon a 
coastal plain not more than two hundred 


miles long and about twenty miles wide.’ 
Natural resources were scarce, grazing 


was poor and farming worse.* Agricui- 
ture and the trades were soon over- 
crowded and this energetic people, 
hemmed in between sea and mountains, 
was literally forced into the sea.® ‘‘They 

2 Knight, M. M., ‘‘Economic History of 
Europe,’’ 1926, pp. 28-29. 

8 Botsford, G. W., ‘‘A History of the Ancient 
World,’’ p. 39. 

4 Breasted, J. H., ‘‘A History of the Early 
World,’’ pp. 287-8. 

5 Hall, Edward Everitt and Susan, ‘‘Spain,’’ 
p. 17. 

6Holt and Chilton, ‘‘European History, 
1862-1914,’ pp. 192-3. 

7 Stephenson, J., ‘‘The Principles and Prac- 
tice of Commerce,’’ p. 106. 

8 Botsford, G. W., ‘‘A History of the An- 
cient World,’’ p. 39. 

® Botsford, loc. cit. 


Tyre and 
Sidon were its principal cities. Both 
were on barren rocky islands near the 
coast. The Phoenicians, a highly de- 
veloped people, made extensive voyages 
and furnished reliable means of se: 
transport. They learned to direct their 
course at night by the North Star, which 
was called by the Greeks the Phoenician 
Star. Their ships were for centuries the 

1 models of naval design. They 
were the discoverers of the western Medi- 
terranean; it was the Phoenicians who 
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could gain a scanty food supply from t 
level ground, 





and had timber in abu 


dance on the mountains that separat 


them from the interior, but had to lool 


to trade with other peoples for the m 


of growth 
them.’’?° 


__ 
G reece 


which their home den 


was the next nation in 
world’s history to develop an important 


overseas carrying trade.? The for 


trade of very ancient Greece was car 


entirely 


Phoenician ships.*? T! 


Greeks were a pastoral people accord 


to Breasted, 


B. C. 


who finds Hesiod (7 


the peasant poet, ‘‘looking w 


a shrinking eye upon the Sea.’”* TI! 


pre-Hellenic 


Greeks produced an 


portable surplus of oil and wine, but 


rapidly growing population soon n 


with a 


especially 
mentals.** 


deficiency in many products 


grain and other fu 


It was not until populati 


had outrun the agricultural possibilit 


of a fairly 


fertile—but extremely hi 


and rocky—land that any considera! 
carrying trade was developed.*® Milet 
was the first of the Greek cities in ¢ 


mercial importance. The people of t! 
Carian city were cut off by surround 
mountains from nearly all economic 


tivity by shipping and fishing—a sit 
tion a great deal like that of Genoa, 
city destined to attain great commercia 


importance some centuries later. Th: 


little island of Aegina, rocky and steril 


supporting even to-day but six thousand 
inhabitants, became for a time the most 


10 Day, Clive, ‘‘A History of Commerce,’’ | 


12. 


11 The term Greece is used to indicate all t! 


Hellenic regions. 


12 Day, op. cit., p. 18. 


13 Breasted, J. 
World,’’ p. 259. 
14 Rostovtzeff, 
World,’’ p. 371. 
15 Breasted, J. 
World,’’ p. 287. 
16 Encyclopedia 


Art., Caria. 





H., ‘‘A History of the Early 
‘*A History of the Ancient 
H., ‘‘A History of the Early 


Britannica, Eleventh Ed, 





"OM f 
abun- 
arated 
tO low k 
means 


de 





ni 





important market of the Greek world; it 
riches from a com- 
seas.17 In the 


smassed fabulous 
merce penetrating all 
ease of Greece, the second notable ship- 
ning nation of the world, we find—as 
with Phoenicia—that an energetic people 
n exhausted the rather meager agri- 


ultural opportunities of its native land 
and was foreed to go down to the sea in 
~ Ds, 


During the early Middle Ages ship- 


ping and navigation, along with many 


languished.?* 


Only in the far north, in Seandinavia, do 


. : 
id sciences, 


er arts a 


find a truly seafaring people, during 


yi ft Ai ‘ 
hese long centuries when the world’s 


ilse beat so feebly—when the world 
as slowly convalescing from its first 
iy attack of civilization. 
ardy northern sea-rovers sent out ships 


n every direction over the cold gray A 


intic—to Ieeland, to Greenland and, 


five hundred years before Columbus, t 
North America.*® 

But the Norsemen were not a commer- 
ial people; they were fishermen and 
raiders.2° They put out in tiny, 


boats looking for new fishing grounds 


opt n 


where fat fish were to be had for the tak- 


ng, or new raiding grounds, where fat 
farmers and burghe rs eould be despoile d 
f their properties.22 We know what 
worthy ships they used, for one was dis- 
in a burial 


covered a few years ago 
mound in southern Norway, where it had 
been preserved, it is supposed, since the 
ninth century.”* 

From the time when ancient Greece at- 
tained her greatest glory, there were cen- 

17 Day, Clive, ‘‘A History of Commerce,’’ p. 
19, 

18 Thatcher and 
Middle Ages,’’ pp. 436-7. 

19Du Chaillu, P. B., ‘*The Viking Age,’ 
Vol. II, p. 518, ff. 

20 Cf. Thatcher and Schwill, op. cit., chap. 
ix-x, 

21Cf. Haskins, C. H., ‘‘The Normans in 
European History,’’ chap. i and ii. 


Schwill, ‘‘Europe in the 


22 Day, Clive, ‘‘A History of Commerce,’’ p. 
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turies, therefore, during which sea trait 


languished, and no nation developed an 
important merchant marine. Finally 
Byzantium, or rather Megara (Const 
tinopl became the world’s shipping 
center.* Cor stantinopl was handicay 
ped econ: mically as Tyre nd S 
Miletus and, later, Genoa and Pisa—by 
a rocky broken terrain, constricted ter 
ritory and pressing border of vel 
ing hills. The Byzantians als 
Squeezed out upon the sea 

Then Constantinople yi m 
to Ve ( \ Se rie I I ts 
thei captains | everv eorner ( +} 
known world.** 7 I 
dieval city-state n be t to 

barbariat nvasions wher 

rom ft mainiand Eu 
driven to find refuge upon isla 
lagoons the north shor the A¢ 
ati B I niv t scar ST 4 
obtainabl I se m el T 

and the fugitives wer ( to si 

living upon the sea, first as f 

but more and more as me 

The Venetian fleet was the finest na 


the Venetian navy was the most pow: 
In 1268 Venice pri 


sented to France ships that were 110 feet 


ful in the world 
over all, carried a complement of more 
than one hundred men and mus 
measured four or five undred 
while English ships of th 
exceeded fifty or one hundred tons." 


England, late r to becom mistress of the 


seas and to retain that position for a 
longer time than any nation, was in t!] 
Middle Ages very unimportant.”® The 


2 ambridge Medieval History,’’ Givatkir 
and Whitney, Eds., Vol. ITI, p. 762 
24 Bemont and Monod, ‘‘ Medieval Euroy 


ey 


25 Lodge, R., ‘‘The Close of the Middl 
Ages,’’ p. 14 

26 Italics ours. 

27 Day, op. cit., p. 90. Italies ours 

28 Day, Clive, ‘‘A History of Commerce,’’ p. 
ro 
4 ms 


29 Cf. Cutts, E. L., ‘‘Scer 


of the Middle Ages,’’ Pp 
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‘*fact’’ that the seafaring disposition is 
‘‘in the blood of Englishmen’’ is more 
than questionable: to the contrary, it ap- 
pears that Englishmen, as other men, did 
not to until circumstances left 
scant choice. Like Phoenicia—and later, 
Britain—Venice developed and 
consolidated her commercial supremacy 
by establishing many and far-flung colo- 
nies. Through this practice she con- 
trolled the commerce of the Mediter- 
ranean even more efficiently than Great 
Britain controlled the commerce of the 
world in the nineteenth century—though 
of course the field of opportunity was 
much narrower.*° 


tae) s@a 


Great 


The entire citizenry 
of Venice was engaged in commerce or 
trade.” 

Genoa and Pisa were the commercial 
rivals of Venice.*? Both were situated 
on the steep, rocky west coast of Italy, 
where agriculture in any substantial 
sense was impossible. Each had a 
hinterland of unyielding mountainous 
eountry which cut off its inhabitants 
from any employment except the work- 
ing of gardens hewn out of rocky hill- 
sides—though with a small river valley 
to the south and east, the Pisan back- 
ground was the less difficult. These 
people were ‘‘forced,’’ no less than the 
citizens of Venice, to seek a living upon 
the sea. 

Spain was the next nation to strut her 
hour upon the commercial stage and to 
develop an important overseas carrying 
trade.** Now Spain differed from these 
other nations, Phoenicia, Greece, By- 
zantium, Venice, Genoa and Pisa, with 
their constricted territory, their pre- 
earious foothold upon a narrow shore: 
Spain was a great broad land, but it is 
easy to overdraw the agricultural op- 


30 Thatcher and McNeal, ‘‘Europe in the 
Middle Ages,’’ pp- 294-5, 432. 

$1 Grant, A. J., ‘‘A History of Europe,’’ p. 
381. 

82‘*Cambridge Medieval History,’’ Vol. ITT, 
p. 762, Vol. V, pp. 226-7. 

33 Burke, ‘‘A History of Spain,’’ p. ¢ 


yortunities of Spain. 
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out most of her history, been more 
grazing than an agricultural land," ; 
it is well known among economists t 


a grazing economy supports far few 


She has, throug 


persons per square mile than almost ar 


other.*® 


Over the entire area, the 


nual rainfall of Spain is less than tw: 


inches. A 


great 


part 


of the land 


rugged, mountainous, unyielding.*’ 


ward the end of 
exhaustion 
Moors—a 


had 


economy. 
fell almost 
Moors and Hebrews.** 


ant 


almost t 


series of 


the Mi 

1 the inv 
long, 
tally wre 


Manufacture 
wholly into the hands 
It was then t! 


idle Ages, 


asions ot 


bitter wars 


1 ced Ss 


and 


( 


resoul 


Spain began to look seaward and to « 
velop, later, a notable merchant mat 
—when opportunities for other forms 
economie activity were either wreck 


exhausted 


or | 


preempted. 


Spain, 


Phoenicia, Greece and Venice before hx 


and England and Holland afterward, 
veloped and consolidated her overseas 


carrying trade by the acquisition of « 
but Spain never reached the } 


nies; 
of 
those 


commercial 


nations. 


dominance 


attained 


¢ 


} 


Portugal, during the fifteenth and six 


teenth 
overse 


greatest nations in the world.*® 
close of the Middle Ages, Portugal had 


centuries, 


as trade.*® 


became 


a power 


Her commerce was n 
only large in proportion to her area a: 
population, but equaled the trade of 


+} 


At t! 


a population of searcely more than 


million—perhaps even less.* 


34 Cf, 


86 Sm 


Hume, M. 


ple,’’ chap. viii. 

35 Ratzel, F., ‘‘ History of Mankind,’’ (trans 
lated from 2d German Ed.), Vol. 1, p. 10. 
‘*TIndustrial and Com 


ith, J. 


mercial Geography, ’’ 
87 Chisholm, G. G., ‘‘ Handbook of Commer 
cial Geography,’’ p. 444. 


Russell, 


A. &., 


p. 422. 


Her cal 


‘The Spanish Pe 


38 Cf. Hume, loc. cit., also Day, ‘‘ A History 


of Commerce,’’ pp. 174-5. 
89 Smith, Preserved, ‘‘The Age of the Refor 
mation,’’ p. 524. 


40 Stephens, H. M., ‘‘Portugal,’’ p. 156. 
41 Smith, op. ocit., p. 458. 

















rving trade soon began to rival Spain’s 
and to surpass, by far, the commerce of 
any northern European state.** In the 
middle of the fifteenth century Portu- 
muese caravels were recognized as the 
best sailing ships in the world.** Here 
iain we have a mountainous, meager 
soil, unsuited for any form of produc- 

m but 
arboriculture.** The ports of Lisbon 


erazing, wine-raising and 


nd Orporto, backed as they were by 
rocky hills extending up and away to the 
bleak and desolate Serra da Estrella, 
were located almost exactly as the great 
Italian ports of the preceding century, 
Genoa and Pisa—and the Phoenician 
ports of Tyre and Sidon. The in- 
habitants of Portugal were foreed from 
their narrow footing on the coast of the 
Iberian Peninsula by rocky hills and 
steep mountain slopes; they were com- 
pelled to become a seafaring people by 
circumstances much like those which sur- 
rounded the Phoenicians, Genoese and 
Pisans. After Portugal, the Netherlands 
assumed primacy in the world’s carrying 
trade.*® 

There are no mountains in Holland, 
quite true; but the thrifty, energetic 
Dutch people were hemmed in, none the 
less: powerful neighbors confined Hol- 
land to a small swampy area, fit only for 
precarious grazing and a rather limited 
agriculture. The soil was rich, but it 
iad to be drained at great pains and ex- 
pense; the well-known thoroughness with 
which this was done is complete evidence 
of the seareity of agricultural oppor- 
tunities.“® During the war for inde- 
pendence there was a notable increase in 
population.*? Clive Day says: ‘‘The 

42 Day, Clive, ‘‘A History of Commerce,’’ p. 
184, 

4s Egerton, H. E., ‘‘The Origin and Growth 
of Greater Britain,’’ p. 27. 

44 Chisholm, G. G., ‘‘Handbook of Commer- 
cial Geography,’’ pp. 446-7. 

45Smith, op. cit., p. 442. 

46 Lyde, L. W., ‘‘ The Continent of Europe,’’ 
pp. 263-4, 267. 

47 Webster, W. C., 
Commerce,’’ p. 146. 
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Dutch were forced to the sea by the dif 
culties of life at home Before 1602, 
sixty-five ships had made the return 


voyage to India and throughout the 17th 


century an active commerce was main 
tained both with Asia and America 
Holland developed a mer nt marine 
greater than the fleets of any nation b 
fore her, and came nearer to Dtaining 
a monopoly of the world’s commerce 
than any nation since the day when ‘‘th 
world’’ meant the shores of the Medit« 
ranean.* We learn that the Dutch 
owned four fifths of all SHIps ngaged 


in ocean commerce and that ten Dutch 
ships traded to the Barbad es tor one 
English 


In proportion to number ol 


inhabitants and extent of natu r 
sources, the Dutch developed tl! most 
magnificent commerc ny nation 


after the Phoenicians and the Venetians 


More ships were built in Holland than in 


all the yards of Europe. Here again 
as with Venice—we have a peopl 

ing upon constricted swampy land, 

meagerly endowed with natural r 


sources, cut off from large economic op 
portunities.°2 They went to sea—not 
because of fine harbors or abundant shi 
building materials or becaus¢ 
their bleod’’—the Dutch set out upon 
the broad ocean because circumstances 
forced a seafaring life upon them 


1e rise 


The seventeenth century saw 
of another poor, small nation to a posi 
tion of commercial power In 1600 


England had scarcely four million in 


habitants.* Throughout the sixteenth 
century she was counted a poor nation." 
48 Day, Cli ‘A Hist ( ‘ 
y # | 7 
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mation,’’ p. 453 
54 Green, J. R., ‘‘Short History of the I 
























Climate favored grazing rather than 
tillage; mineral resources were still 
largely unknown and therefore of little 
value. As late as the reign of Elizabeth, 
England imported almost all ‘‘arti- 
ficiality,’’ as finished manufactures were 
ealled.*° At the beginning of the eight- 
eenth century, wool was still her largest 
export.*® It was from these meager cir- 
cumstances that England developed a 
supremacy in the carrying trade that 
lasted the better part of four centuries 
and which remains undisputed. But it 
is very important to remember—and 
almost nowhere is it fully appreciated— 
that during the Middle Ages the English 
were not great navigators in spite of the 
facilities offered by excellent harbors and 
rivers penetrating far inland.’ En- 
glish ships were miserable little traps, 
far outclassed by those of Norway, Ven- 
ice, Pisa and Genoa.*® English com- 
meree was largely in the hands of for- 
eigners.*® It was not until the 
population of England began to out- 
grow agricultural opportunities that her 
people turned their eyes seaward. In 
the bitter competition for commercial 
supremacy which ensued between the 
British and the Dutch, Great Britain 

triumphed. The shock and burden of 

conflict with the declining power of 

France and the rising power of England 

shattered Holland’s commercial suprem- 

acy.°° But the Dutch merchant marine 
is still notable; on a per capita basis it 
is surpassed to-day by few.™ 

Which nations, in modern times, have 
the largest per capita ship tonnage— 
which nations, in proportion to size, have 

55 Smith, op. cit., p. 535. 

56 Webster, W. C., ‘‘A General History of 

Commerce,’’ p. 172. 

57 Williamson, J. A., ‘‘ Maritime Enterprise,’’ 

chap. xiii. 

58 Cf. Cutts E. L., ‘‘Seenes and Charts of 

the Middle Age,’’ pp. 416-474. 

59 Williamson, op. cit., pp. 16, 19. 
60 Webster, W. C., ‘‘A General History of 

Commerce,’’ p. 164. 

61 See table, infra. 
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developed the most important merchant 
fleets? They are, in the order nam 
Norway, Great Britain, Holland, D, 
mark, Sweden. 


Per CAPITA TONNAGE IN MERCHANT FLE! 
OF LEADING NATIONS 


Percapita Popu- 


tonnage lation®2 Tonn: 
(1) Norway  .964 
(2) Great 


9 enn 0) 
aol UU 


Britain 445 42,920,000 19,274 
(3) Holland 200 7,315, 2,08 
(4) Denmark  .295 3,419,000 1,008, 
(5) Sweden 201 6,036,000 1,215 
(6) United 

States®3 .099 117,823,000 11,¢ 
(7) France .083 39,400,000 3,262 
(8) Italy 075 38,755,000 2,89 
(9) Japan 061 61,082,000 3,741 

(10) Germany’ .048 62,539,000 2,89 


Norway is a rugged, bleak land 
gorgeously beautiful for a few fine days 
in summer, in winter it is dreary.” 
Lumbering, hunting, trapping and, in 

limited sense, dairying and agricultur 
are the only possible occupations 

Towering snow-topped mountains ris 
directly from the sea, forming the jagged 
fjords which make such excellent ha: 
bors. The whole country is mountainous 
and rocky; 75 per cent. of its area is un 
productive and 22 per cent. is in forest 

—in brief, a land which seems especial]; 
designed to make a life upon the sea 
appear attractive. Here in Norway we 
find the seafaring life developed to its 
highest pitch—possibly the highest pitch 
reached in the whole history of man’s 
effort to make a living. England is a 
great seafaring nation, but the per 


62‘*The Statesman’s Year-Book,’’ 1926. 

63 Included in this reckoning are about six 
million tons of coastwise shipping. If this 
were excluded the United States should rank 
tenth. 

64 Lyde, L. W., ‘‘The Continent of Europe,’’ 
p- 111. 

65 Huntington and Williams, 
Geography,’’ p. 250. 

66 Smith, J. Russell, ‘‘Industrial and Com- 
mercial Geography,’’ p. 441. 
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capita tonnage of little Norway is more 
than twice as great. 

The industrial revolution meant more 
to Great Britain than to any other 
land.** But the opportunities for earn- 
ing a living, which were opened up by 
the development of industrialism, were 
soon exhausted by a rapidly growing 
population, and throughout the nine- 
teenth century, the heyday of industrial- 
ism, a nearly constant emigration from 
the British Isles indicated a sufficient 
scarcity of domestic, economic oppor- 
tunities to insure the attractiveness of a 
seafaring career.°® The first full burst 
of industrialism could not offer sufficient 
attraction during the early part of the 
nineteenth century to counterbalance an 
interest in shipping that had been gain- 
ing momentum for two hundred years 
and by the end of the century a teeming 
and vigorous population produced a de- 
mand for jobs which far outran the 
home supply. 

Modern Holland has about the same 
economie opportunities—or lack of them 
—as medieval Holland (Netherlands), 
save that territory is even more narrowly 
constricted. The result, as we see from 
the table, is that modern Holland also 
has developed a notable merchant ma- 
rine. Mineral resources are almost 
wholly wanting; bad natural drainage 
makes agriculture difficult.*° The cli- 
mate is not pleasant." Her struggles 
with France and England took from 
Holland leadership in the world’s carry- 
ing trade, but did not remove the key 
incentive to the development of an im- 


6? Dietz, F. C., ‘‘ The Industrial Revolution, ’’ 
pp. 23-4, 

68 Egerton, H. E., ‘‘The Origin and Growth 
of Greater Britain,’’ pp. 8-9. 

69? Demangeon, A., ‘‘The British Empire,’’ 
pp. 63-4; Egerton, op. oit., says (p. 215) that 
from 1910-14 emigrants to Canada alone num- 
bered 614,088. 

7 Chisholm, G. G., ‘‘ Handbook of Commer- 
cial Geography,’’ pp. 373-4. 

11 Lyde, L. W., ‘‘The Continent of Europe,’’ 
p. 267. 


lack of 


He r 


portant overseas commerce, the 
domestic, economic opportunities 
carrying trade returned. 
Denmark’s agricultural 
exceed Norway’s and are bh 
ferior to 
compared with the more favore 


England’s or 


of the earth, Denmark yields mea 


economic nd avor 


turns to 


ré 
+ 
} 


resources—other than a 
courageous population, 
ably the 


tion may possess 


handsomest 


Farming is carried out upon wha 

practically a synthetic soil.’ 
Sweden has less than a quarter the 

' Norway ; 


twice 


capita merchant tonnage of 
than 


sne owns 
rival: we need g 


more 
nearest 
The ratio of Norway’s per cap 
to one 
favor of Norway: opportunities for eco 


well 


her 

ther. 
tonnage to Sweden’s is four 
nomic activity at home are probably 
represented by the reverse ratio of four 
to one in favor of Sweden.”* In Sweden 
there is iron and there are other minera 
but 


is no coal.** 


not in profusion, l 


Sweden 


resources, 
there fertile 
valleys, but the land is hilly and rocky 
-less productive, on the average, than 
land in Denmark or Great Britain. The 
climate of Sweden is not pleasant; rain 


ant 


has 


or snow falls during a large part of the 
long winter. Her days are not shrouded 
in darkness and rain during four months 
of the year as with northern and western 
Norway; still Swedish winters are far 
from attractive.”” 

In testing our hypothesis, by the in- 
ductive method, we have assembled all 
instances of notable seafaring nations 

72Smith, J. Russell, ‘‘ Industrial 
mercial Geography,’’ pp. 156-7. 

73 Smith, loc. cit. 

74 Chisholm, G. G., ‘‘ Handbook of Commer 
cial Geography,’’ p. 436. 

75 Huntington and Cushing, ‘‘Principles of 
Human Geography,’’ pp. 8-179. 

76 Chisholm, loc. cit. 

77 Smith, J. Russell, op. cit., p. 
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that appear in history. Beginning with 
1500 B. C., 
sea-rovers has come un- 


the Phoenicians of every 
great tribe of 
der our view: the Phoenicians, the an- 
cient Greeks, the Byzantians, the an- 
cient Seandinavians, the Venetians, the 
Genoese, the Pisans, the Portuguese, the 
medieval Dutch, the seventeenth, eight- 
eenth and nineteenth century English, 
the modern Norwegian, British, Dutch, 
Danish and Swedish peoples. In every 
case we found a people living of course 
upon a having at least one 
usable harbor; but many peoples that 
could not possibly be included in our 
important carrying nations 
The common factor, 


seacoast 


array of 
were so situated. 
the key factor, in every case appeared 
to be a lack of sufficient outlets for 
economic activity; in most cases we 
found economic opportunities upon a 
starvation basis. We found, in brief, 
that a nation develops an overseas carry- 
ing trade only when other outlets for 
economic activity are absent or have 
been destroyed. But this is not to deny 
of course that harbors, cargoes, ship- 
building materials and an _ energetic 
population are fundamental factors in 
the development of a merchant marine: 
here is merely a collateral hypothesis 
which suggests that these are not enough, 
and that to ensure a nation’s developing 
a notable carrying trade there must be 
an unattractive domestic ecography. 


This brief essay does not preter 
course to be a piece of historical res 





ali facts presented are common kn 
edge: it pretends to be no more th 

exercise in the interpretation of hist 
leading to a perhaps not wholly \ 
less hypothesis of the rise and ta 
merchant fleets, in no instance hay 
gone behind our authorities, and 

possible that every case cited offers 
opening for further research, vy 
might either strengthen or utterly 
stroy our hypothesis. Certainly the | 
of China, 
with splendid harbors, cargoes, a wi 
of shipbuilding materials, and with 1 
gable rivers extending far inland. 


rich in resour 


a land 


which nevertheless has owned very lit 
shipping—could bear further resea 
Then there are the North Coast A 
cans; in this there is no p 
bility of the seafaring-blood hypothesis 
coming to bear. The 
peopled at various times by the n 
widely differing human strains: P| 
nicians, Moors and even Vandals. 
every case a notable sea trade flouris! 
How did Vandals from the dense wo 
of Central Europe or the dry Hungari 
plain develop in a generation the ‘‘s 
faring instinct’’? Here is another 
portunity for research. Should t! 
little essay initiate inquiry into thes 
and other instances and into the gene! 
hypothesis submitted it will have reach 
its furthest aim. 


case 


region was 


4 





FOOD PREJUDICES 


By Dr. CHARLES W. TOWNSEND 


IPSWICH, MASSACHUSETTS 


Tue educated cosmopolite does not 
hesitate to try strange foods. Not so the 
isavage, the child and the ignorant. In 
these three classes, prejudices— 
often eurious and irrational—abound. 
In California, a man and woman sitting 
near me in the car expressed great curi- 
osity about the immense fields of blue- 
creen French artichokes. I explained 
what these vegetables were, how they 
were served and eaten, dwelt on their 
toothsomeness and recommended a trial. 
“Oh. no!’’ said the man with the utmost 
finality, ‘‘ We never eat strange foods.”’ 

Here spoke the cosmopolite’s ‘‘ contem- 
porary ancestor.’’ In a hostile world the 
savage must take heed what he eats or he 
may rue the day. Although many of his 
food taboos are doubtless fanciful, others 
are based on substantial reasons. One of 
his remote ancestors may have experi- 
mented with a strange food and was 
poisoned by it, and the tradition has be- 
come fixed in the tribe. An overripe 
oyster may cause death, while venison, 
aged in the cache, may be a nourishing 
delicacy. His tribes for generations have 
known what foods are good and he avoids 
all others—all ‘‘strange foods.’’ Food 
prejudices to-day, therefore, are due to 
inheritance from our savage ancestry ; 
they are atavistic. 

On both the American and European 
shores of the Atlantic Ocean two shell- 
fish are common, the soft-shelled clam, 
Mya arenaria, and the edible mussel, My- 
tilus edulis. The species of these two 
mollusks are the same on both sides of 
the water. In Europe, mussels are eaten 
freely but not clams, while the reverse 
is the case on the American side. This 


food 


prejudice, against the mussel 


against the clam there, extends 


prehistoric times, for while cla 
lens or an 


abound here in kitchen mid 
cient shell heaps and mussel shells are 
merely accidental, in Europe the exact 
opposite is the ease. 


Morse, in his 
study of the changes in the shell of the 


Professor Edward S. 


clam,' was amazed to find no clam shells 


} 


in the Baltic shell heaps, while the living 


mollusks abounded in the nearby 


estu 
aries. The prehistoric people like their 
modern successors did not eat the e 
He adds: 
the clam had never been eat: n, 
ancient 
there, 


am 
**Tt was the same in England; 
even in 
shell 


barre Is ar 


times. It is a 
and 
shipped to the Newfoundland fisheries 
for bait. We learned the epicurean de 
lights of the clam from the North Amer 
ican Indians.’’ In a recent visit on th: 
Norfolk coast of England I had 
difficulty in persuading a company of 
educated 
clam! 

Children are nearer the savage state, 
more atavistic than their educated par 
ents, and strange foods are often to them 
abominations. The parent instils 
the precept, ‘‘ Eat what is set before you 
and be thankful,’’ and, to take the sting 
off, he may add, with a twinkle in his 


se 


common 


thousands of 


great 


English people to taste the 


wise 


eye, put your food into your mouth 
and not into your lap.’’ The unwise 
parent allows the innate talent for food 
prejudices to grow strong in his young 
hopefuls, and even boasts that his little 
Johnny or Mary can not eat this and can 


1 ScreN'rIFIC MONTHLY, xxi, 1925, p. 424 
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not eat that. I do not refer here to cer- 
tain rare idiosyncrasies, as, for example, 
when even a minute amount of 
causes symptoms of poisoning, for that 
fortunately does not often happen to 
Johnny and Mary, and they have no in- 
born prejudices which warn them against 
such food. Food prejudices run rife 
among them. It may be observed, as in 
the case of the travelers and the French 
artichoke, that the victim does not even 
taste the food that falls under his taboo. 
His mind is made up without that. He 
knows the food is not fit for him to eat, 
and the fact that others eat it and enjoy 
it and thrive makes no difference. 

The third class mentioned above, the 
ignorant, is well represented—or rather 
used to be—by the peasant servant girl 
who was content with corned beef and 
cabbage, and refused even to taste veni- 


egg 


son and wild duck. 

All of us are very near the 
state, for our civilized ancestry is but 
a minute fraction of our whole human 
ancestry. Food prejudices, therefore, 
abound even among the educated. In 
the matter of fish, this is strikingly the 
case. In England and in this country 
the various kinds of flatfish, whether 
known as sole, plaice or flounder, are 
considered good and delicate eating and 
bring a high price either in the market 
or restaurant. This is not the case in 
the Gaspé Peninsula, in Newfoundland 
and in Labrador. In Newfoundland 
I once read an editorial in a St. John’s 
paper urging the use of this fish as 
a food and recounting the fact—sin- 
gular to Newfoundlanders—that the 
flounder brought high prices in the 
States. At Grand Gréve in Gaspesia 
I told a fisherman and his wife, at 
whose house I was staying, the high es- 
teem and high price in which the floun- 
der was held in Boston, and suggested 
that the next he caught should not be 
wasted. I am afraid I damaged my rep- 
utation for truthfulness by mentioning 


Savage 





the price. A few days later I say 

eral flounders deposited as fertilizer ;, ‘ + rem 
the garden, and, on my exclaiming ere 
sacrilege, he said, ‘‘Oh, they ar . a 
to eat!’’ There was nothing mor oP 
said. we 

In my youth, when on codfish . _ 
eursions I caught pollack, no matter , tee 
large and fine, I was told to return “3 . t 
to the water as they were ‘‘not SS 
eat.’ Nowadays this prejudice seems: 
have disappeared. At Grand Mana 
New Brunswick, haddock and hake wer 
formerly thrown away, and n 
everywhere along our coasts the d 
hated by fishermen for the damag 
does to fish and nets and bait, ¢ re 
stroyed and cast out. It is true that i an 
has an unpleasant name for a food fis! a 
for there is much in a name, Shakespea: eg + 
to the contrary notwithstanding a" 
is also true that the dogfish is a shar} 
but let me add that it has firm white fles —-t 
which is nearly as good eating as that o! are: ‘ 
the esteemed swordfish. The first tim MAN 
that I determined to try the gastronomi _ 3 ~% 
qualities of this fish and had expected t ee 
be obliged to prepare and cook it myself 
I was agreeably surprised to find t! 
our cook, a native of the Hebrides, we! 
comed it as an old friend and prepared 
a savory dish of it. For some reason t 
inhabitants of the Hebrides, or at least 
of that part from which she came, had 1 
prejudices against the dogfish. To avoid 
this prejudice, the names ‘‘gray fish’’ 
and ‘‘rock salmon’”’ are used here and i 
England. 

It may be thought that the knowledg 
of the food on which the fish or other 
creatures live has a great deal to do with 
food prejudices, but when we consider 
the food of the domestic hen and of th 
domestic pig, it is hard to conceive 0! 
anything worse. Make no inquiry as to 
the food of the lobster! 

Norman Heathcote, in ‘‘Birds of 5t. 
Kilda,’’ says that the favorite dish at 
this island was ‘‘skate which was begin- 


nd jetsa 
well as 

othe: 
freshly © 
‘he Labr 
hreast of 


his su 


has no 
fare is 
barnya 
proper 
cially 
eon or 
would 
prejuc 
doubt. 
discon 
found 
judgr 
impos 
dices. 
migh’ 





ng to go bad.’’ Parenthetically, I 
cht remark that we prefer our game 
‘chen it is beginning to go bad,”’ and I 
sight add that the skate like the dogfish 
sa kind of shark. 

In Labrador, young gulls are consid- 
| great delicacies as food, while the 









re idea of eating cormorants is a thing 


sbhorrent, yet gulls feed on the flotsam 





snd jetsam of the sea, on long-dead fish 
as well as on fresh ones. Cormorants, on 

other hand, feed exclusively on 
freshly caught fish. On a cruise along 
the Labrador coast I once broiled the 
breast of one of these birds. The two 
silors turned away from it in horror— 
[had not been able to persuade one of 
em, the cook, to prepare it—but the 
aptain, a broad-minded man and one 
who could rise above prejudices, much 
to his surprise, found it delicious, as, in- 
leed, it was. It is possible that the un- 
canny neck of this bird with the bare 
patch of orange-colored skin at the 
throat has something to do with the prej- 
udice, but no one objects to the turkey 
which has a still more uncanny head and 
neck, 

To ‘‘eat crow’’ has an unpleasant 
metaphorical flavor. Equally unpleas- 
ant, even abhorrent to most people, is 
the idea of eating crow in the literal 
sense. The crow stands at the head of 
the bird world in brain capacity. He 
has no food prejudices, but his bill of 
fare is dainty compared with that of the 
barnyard fowl. Now I can assert that a 
properly broiled or roasted crow, espe- 
cally if young, compares well with pig- 
eon or squab. Very few, I am convinced, 
would approach the subject with an un- 
prejudiced mind or palate, so that, no 
doubt, the experiment would fail, to my 
diseomfiture, but I can add that I have 
found some to agree with me. Fair 
judgment in such matters is difficult or 
impossible to the victim of food preju- 
dices, It is conceivable that honey 
might taste to him like vinegar. Rook 
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shooting and reok eating in Pickwick’s 


time, at least, was common sport 
gland. A rook is a crow, 
I remember reading a sportsman’ 


ipe for cooking porcupine which in 
cluded long stewings and changes of 
water. The recipe concluded with the 


was excellent under the 


throw it 


advice—which 
circumstances—to all away 
without serving. A nicely broiled por- 
cupine steak or hind quarter, I can, how 
ever, aver from experience, to be excel 
lent. said of wood 
ehuck, muskrat and skunk; I have 
them all. Indians are particularly fond 
of skunk, which, be it added, is known in 


The same ean be 
tried 


the Algonquin tongue as shikago—tell it 
not in Gath! 
Explorers in savage regions often 


learn to divest themselves of food preju- 
dices. Captain G. F. Lyon, of H. M. S. 
Hecla, in a voyage of discovery in the 
Arctic regions under Captain Parry, was 
a good example. He says, ‘‘ All were 
horrified at the idea of eating foxes, but 
very many got the better of their deli- 
eacy and found them good eating. Not 
being myself very nice, I soon made the 
experiment, and found the flesh much 
resembling that of kid, and afterwards 
frequently had a supper of it.’”’ 

Captain George Cartwright, who lived 
on the 


from 1770 to 1786 Labrador 
coast, was another such adventurous 
soul. He found his men rebelled at 


being made to eat venison in winter in 
order to conserve the salt pork which 
they preferred, and only by an artifice 
did he get them to eat polar bear. 
Stefansson, in ‘‘ The Friendly Arctie,’’ 
gives a very good account of food preju- 
dices among Esquimau dogs. He found 
that the dogs brought up far from the 
sea and fed on caribou and rabbit would 
not eat seal meat, while those brought up 
on the seashore and used to seal meat 
would not touch other game when they 
were taken inland. He found that in 


young dogs the prejudice was more 
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quickly overcome than in old dogs who 
would sometimes endure starvation 
rather than try the new food, and that 
old females were the most obstinate in 
refusing to give up their prejudices. 
This leads him to conelude—rather un- 
gallantly, perhaps—that ‘‘this seems to 
extend the commonly believed-in princi- 
ple of the greater conservatism of human 
females down into the lower animals.’’ 
The highly civilized dog, used to all 
kinds of foods, has, as is obvious, few or 
no food prejudices.” 

It is well known that the introduction 
of potatoes and tomatoes in Europe was 
a slow and difficult process, and that In- 
dian corn meal is even now considered 
fit only for poultry in most parts of the 
British Isles, while the introduction of 
grapefruit as a part of the breakfast 
ritual has met with considerable opposi- 
tion. In Labrador, turnip greens are 
eaten, but beet greens are thrown away. 

Food prejudices are not limited to the 
Stefansson’s article on ‘‘ Food 
Prejudices’’ in the Screntiric MONTHLY, xi, 
1920, p. 540. 


2See also 
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savage, the child and the ignorant 
are found even among the intelligen; 
educated. An extreme case I diseo) 
recently in an intelligent and ; 
man over threescore years of ag 
admitted that he was much spoil 
child and that until he was twenty 
he had refused to taste any veg 
but the potato. After this he grad 
overcame many of his vegetable p: . 
dices, but he still refuses to eat or « 

taste beets. 
unless it be its color, but he admits 
this is unreasonable, for he is ver; 
of strawberries. Of banana, water 
and cantaloupe he has never eve! 

and he shudders to think of tryin: 
Although he lives in the pie belt 
fond of apple pie, he can not bri 
self to try squash or pumpkin pie. H 
many good things in life this ma 
missed owing to his treasured food ; 
udices! How much better for him 
he been brought up to eat the fo 
before him and be thankful, ever 
did put some of the food into his lap! 





The reason he can not ¢ su 
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Tue history of the establishment of a 





ntifie agriculture has been similar to 
of medicine and other sciences: a 


S 


+ + 
Udt 


ries of experiments and discoveries, 


with beliefs based upon apparent re- 
sults. Before any mechanical aids to 


experimentation were known, and when 
there were no records of facts to guide 
activities, efforts to im- 
eonditions were extraordinarily 
rude and intermingled with 
rites and ceremonies. Modern 
have sought to show an interrelationship 


xperimental 
rove 
magical 

writers 


hetween magic and science, and some 
have gone so far as to state that modern 
science is an outgrowth from primitive 
magie. 
Using the term 
at marvelous results were believed to 


‘*magic’’ in the sense 
be produced by impossible methods, we 
find that in early times it formed a part 
of the daily life and routine of every 
household. With the beginning of the 
Roman empire, however, there began to 
appear evidences, not so much of a dis- 
belief in magie as of an apologetic atti- 
tude toward it. Pliny, while making a 
bold pretense of disbelief, nevertheless 
includes in his ‘‘ Natural History’’ scores 
of magical recipes, some of which he 
declares to be true from his own obser- 
vations. Similarly, belief in super- 
natural powers was maintained by some 
of the most learned men from the begin- 
ning of the Christian era to the end of 
the Middle Ages, when Joan of Are was 
burned as a witch in France in the 
fifteenth century, and on down to the 
Seventeenth century, when the Salem 
witcheraft delusion in our own country 
was countenanced and concurred in by 
political and intellectual leaders as well 
as by the general public. 
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AGRICULTURAL MAGIC 


By GRACE M. ZIEGLER 


TRENTON, N. 












Thus in the second century it is inter 
esting to find Plutarch giving magical 
formulas in Egypt; Isidore, of Seville 






in the seventh century in Etymologi 
believing that marvels could be effected 
through magic by the aid of demons 





Neckam. De Naturis 
the twelfth century attribut- 
to herbs, foun 


Roger 


in 





Alexander 
Re rum, in 






marvelous 


pow eTs 


ing 





and even words; 


thirteenth century, advo 


tains, stones 
Bacon, in the 


cating the pursuit of alehemy 






as a means 






rr] 





of disproving and blotting out all ma 







eal nonsense and possessing a strong 
belief in astrology 

Albertus Magnus believed in the 
wondrous virtues of stones to cure 
ulcers, counteract potions, conciliate 






human hearts and win battles. To him 


was attributed a remarkable story which 










is significant of the credulity of the 
thirteenth century. 

William, earl of Holland, and kir of tl 
Romans, was expected at a certain time to pass 
through Cologne Albertus had set |! heart 
upon obtaining from this prince the cession of 
a certain tract of land upon which to erect a 
convent. The better to succeed in his ay pl a 
tion, he coneeived the following schem« He 
invited the prince on his journey to partake of 





- 










a magnificent entertainment. To the surprise of 
everybody, when the prince arrived, he found 
the preparations for the banquet spread in the 
open air. It was in the depth of winter, when 
the earth was bound up in frost, and the whol 
face of things was covered with snow. The 
attendants of the court were mortified, and 
began to express their discontent in loud mur 
murs. No sooner, however, was the king, with 
Albertus, and his courtiers seated at table, than 





the snow instantly disappeared, the temperature 






of summer showed itself, and the sun burst 
forth with a dazzling splendour. - The ground 
became covered with the richest verdure; the 





trees were clothed at once with foliage, flowers, 
and a vintage of the richest grapes, 
ravishing odour, invited 





and fruits: 
accompanied 





with a 





6Y 
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the spectators to partake. A thousand birds 
sang on every branch. A train of pages showed 
themselves, fresh and graceful in person and 
attire, and were ready diligently to supply the 
wants of all, while every one was struck with 
astonishment as to who they were and from 
whence they came. The guests were obliged to 
throw off their upper garments the better to 
cool themselves. The whole assembly was de- 
lighted with their entertainment, and Albertus 
easily gained his suit of the king. Presently 
after, the banquet disappeared; all was wintry 
and solitary as before.1 

These writers are mentioned merely 
as representative, and one could con- 
tinue with a long list of well-known 
names, whose works are typical of the 
learning of their times and vet abound 
with curious beliefs. Astrology was 
taught in the medieval universities as 
the climax of mathematics and an essen- 
tial part of medicine. In 1664, Sir 
Matthew Hale, presiding at a trial which 
resulted in the execution of two old 
women, said that there was no doubt that 
there was such a thing as witchcraft, 
which opinion was supported by Sir 
Thomas Browne, author of Religio 
Medici and other works, who was also 
present. 

With even the most erudite maintain- 
ing the strange beliefs that gold might 
be coined from copper, the future fore- 
told by the stars, problems of philosophy 
solved and nature controlled by invok- 
ing demons, it is not surprising that the 
principal industry of the land, agricul- 
ture, should have employed mystical 
rites and ceremonies to secure good 
crops, to combat the enemies of crops, to 
produce rain or to stop it, to avert hail 
and in general to regulate production 
through magic. It is difficult, however, 
to see any relationship between such 
practices and agricultural science as it 
is employed to-day, unless it may be that 
those men who were farthest advanced 
in their knowledge of the supposed bonds 
of sympathy between different things or 
of the effects of lucky objects and 

1Godwin, William H., ‘‘ Lives of the Necro- 
mancers’’ (New York, 1835). 


methods or of the meanings of portens 
tried to support their claims by fir 

a true basis for improvement. 1) 
theory is supported by Pliny, of w) 
Lynn Thorndike? says, ‘‘ Magi stand 

in Pliny’s pages not as mere sorcer 
or enchanters, but as those who ha 
gone farthest and in most detail 
curiously, in his opinion—into the styd 
of nature.’’ Thorndike himself foynj 
that ‘‘magicians were perhaps the firs 
to experiment,’’ and Sir James Frazer 
calls magicians ‘‘the only professiong 
class’’ among the lowest savages, stating 
that ‘‘they were the direct predecessors 
not merely of our physicians and sur 
geons, but of our investigators and « 
coverers in every branch of natura 
science. They began work which 
since been carried to such glorious ar 
beneficent issues by their successors 
after ages; and if the beginning 
poor and feeble, this is to be imputed t 
the inevitable difficulties which beset + 
path of knowledge rather than to 
natural incapacity or wilful fraud of t! 
men themselves.’’ However that may 


be, the use of magic in early agriculture 


forms an entertaining study. 


Among the earliest beliefs is that of 


e 


the corn spirit, or the embodiment of 
mystical spirit or life in the new corr 
and the new fruits. Coincident wit! 
this belief was the observance of t! 
sacrament of the first fruits, or 


eating of the corn spirit, which is some- 
times represented in human form and 
Many in- 
stances have been found of the sacra- 
mental eating of animals at harvest time, 
while occasional examples among thi 


sometimes in animal form. 


savages have been discovered of the kil 


ing of human representatives in a spirit 
The corn spirit, however, 
was usually considered to reside in th 


of sacrifice. 


last sheaf of the grain and to eat a loa 


2 Thorndike, Lynn, ‘‘Magie and Expe 
mental Science’’ (New York, 1923). 


8 Frazer, Sir James, ‘‘The Golden Bough,’ 


abr. (New York, 1923). 
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made of the last sheaf was to eat the 
spirit itself. For example, in Scotland 
ind in Sweden, the last sheaf was made 
into a loaf in the shape of a woman and 
little girl, respectively, and eaten sacra- 
mentally by the family. Similarly, in 
La Palisse, France, a man made of 
iough was hung upon a fir-tree carried 
on the last harvest wagon, and both 
taken to the mayor’s house. After the 
harvest was over the dough-man was 
broken in pieces by the mayor and given 
to the people to eat. The solemnity ac- 
companying such rituals is evidence of 
the desire to propitiate the corn spirit so 
that a plentiful harvest might be had 
the following year. 

While the sacramental eating of the 
first fruits continued in certain localities 
for centuries, a later belief developed in 
which the fruits of the earth were con- 
ceived as created rather than as animated 
by a divinity. In line with this belief, a 
portion of the products were offered to 
the gods producing them, probably at 
first to provide sustenance for the gods, 
but later the offerings were made in a 
spirit of homage, or tribute. Many of 
the ancient deities of vegetation were 
worshiped by such conciliatory sacri- 
the Athenians and other Greek 
peoples offering the first wheat and 
barley harvests to Demeter and Perseph- 
one at Eleusis; the Romans sacrificing 
the first ears of corn to Ceres and the 
first of the new wine to Liber, with none 
of the people daring to eat of the new 
corn or drink the new wine until these 
sacrifices had been offered by the priests. 

Isis and Osiris were worshiped in 
Egypt in connection with the produc- 
tion of food. Egyptian agriculture de- 
pended upon the annual inundation of 
the Nile, and at the rising of the river 
there was celebrated the festival of Isis, 
who was mourning for Osiris, for if 
there was too much water, or too little, 
a famine would result. Frazer described 
an illustration in the temple of Isis at 
Philae which explained the connection 


nees : 
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Osiris was supposed to have with the 
harvest. 

Here we see the dead | v f Osiris with 
stalks of corn springing from wl s 
waters the stalks from a pitcher which he } S 
in his hand. The accompanying ins t sets 
forth that ‘‘This is the form of him whom 
one may not name, Osiris of the mysteries, who 
springs from the returning waters.’’ Take 
together the picture and the words s t 
leave no doubt that Osiris was her I ve 
and represented as a personification of the cor 
which springs from the fields after they have 
been fertilized by the inundation This, 
cording to the inscription, was the kern« f 
the mysteries, the innermost secret revealed to 
the initiated. So in the rites of Demeter at 
Eleusis a reaped ear of corn was exhibited to 
the worshippers as the central myster their 
religion. We can now fully understand why at 
the great festival of sowing in the month of 
Khoiak the priests used to bury effigies f 
Osiris made of earth nd rl When these 
effigies were taken up again at the end of a 
year or of a shorter interval, the corn would bi 


found to have sprouted from the body of Osiris, 


and this sprouting of the grain w 
as an omen, or rather as the cause, of the gr 


of the crops. 
Rejoicing at harvest-time was not per- 


mitted the Egyptian, for in cutting the 
of the 


grain he was severing the body 
ecorn-god and in threshing it was tram- 
pled to pieces Accordingly, when the 
first sheaf was cut, it 
custom to beat their breasts and lament, 
calling upon Isis in the form of a melan- 
lamentations for 


was the farmers’ 


choly chant. Similar 
the corn-god killed by the sickles of the 
reapers were offered in Phoenicia and 
other parts of Western Asia 

The magical rites and ceremonies per 
formed at planting and harvest time to 
ensure good crops ranged from simple 
treatments of seed or fields to elaborate 
ceremonials lasting several days and par- 
ticipated in by entire communities. 
Likewise, the enemies of crops had each 
its own magical remedy—too much or 
too little rainfall, hail, vermin, diseases 
and other causes of infertility. 

With Pliny making a show of disbelief 
in magic, the more elaborate rituals are 
not referred to by him, but scores of the 
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simpler miraculous remedies are scat- 
tered through his work. He says, for 
instance : 


As for other seed-corne it will escape the 
danger of the worme, if it ... be sowed in 
and about the change of the Moone, namely, 
when she is not to be seene above the earth in 
our hemisphere. Many there be who practise 
other remedies: and namely for Millet, they 
would have a toad to be carried round about the 
field before that it be harrowed: which done, to 
bee put close within an earthen pot, and so buried 
in the middest of the said field: and by this 
meanes forsooth, neither Sparrows will lie upon 
the corne, nor any worme hurt it. Marie, in 
any case this same toad must be digged out of 
the ground againe before the field bee mowed, 
else will the Millet proove bitter in tast. The 
like experiment they say is of a Moldwarpes 
shoulder, for if any corne be sowed or touched 
therewith before, it will come up the better and 
bring more encrease. ... But what remedie 
against the blast and mildew, the greatest 
plague that can befall upon corne? Mary pricke 
downe certain Lawrell boughs here and there 
among the standing corne, all the said mists 
and mildews will leave the corne and passe to 
the Bay leaves, and there settle.4 


Of the weather conditions as affecting 
erops Pliny for the most part warily 
quotes previous writers: 

Varro affirmeth, That if about the retrait of 
Harpe-star Fidicula, which is the beginning of 
Autumne, a man paint a cluster of grapes, and 
consecrate it to the gods among the Vines, the 
stormes and tempests of wind and raine will do 
lesse harme to the fruit hanging thereupon. 
Archibius in a booke that hee wrote to King 
Antiochus, saith, That if a landtoad be put into 
a new earthen pot that never was occupied be- 
fore & the same enterrtd and covered within 
the ground in the middest of a corne field, the 
ecorne shall take no harme that yeare by any 
tempests whatsoever. ...In Persia they are 
persuaded, That a perfume of such Agathes, 
turneth away tempests and all extraordinarie 
impressions of the aire, as also staieth the 
violent streame and rage of rivers. But to 
know which is proper for this purpose, they use 
to cast them into a cauldron of seething water: 
for if they coole the same, it is an argument 
that they be right. But to be sure that they 
may doe good, they must be worne tied by the 
haires of a Lions mane. ... If it happen to 
thunder about the feast Vulcanalia, Figges will 


4Pliny, ‘‘Historia Naturalis’’ (Holland 
trans., London, 1601). 


fall from the tree. The remedie thereof 
strew the plots before with Barley straw 

With the right amount of rainf 
having such an important effect 
agriculture, it is not surprising t 
methods of producing rain, or of st; 
ping it, were sought after and 
curious devices practiced. Thus, for 
ample, ‘‘in a village near Dorpat 
Russia, when rain was much want: 
Frazer tells us, ‘‘three men used to ¢ 
up the fir-trees of an old sacred gr 
One of them drummed with a hamme: 
a kettle or small cask to imitate thund 
the second knocked two fire-brands 
gether and made the sparks fly, to in 
tate lightning; and the third, who 
ealled ‘the rain-maker,’ had a bunch 
twigs with which he sprinkled vy 
from a vessel on all sides.’’ He also t 
of other interesting beliefs regarding t 
production of rain: 

It is said that the Aymara Indians 
make little images of frogs and other aquat 
animals and place them on the tops of t! 
as a means of bringing down rain. The T! 
son Indians of British Columbia and s 
people in Europe think that to kill a frog 
cause rain to fall. In order to procure 
people of low caste in the Central Provinces 
India will tie a frog to a rod covered 
green leaves and branches of the nin 


wit 


(Azadirachta Indica) and carry it from 
to door singing: 
‘“Send soon, O frog, the jewel of water! 


And ripen the wheat and millet in the field.’ 


A few examples of practices of th 


North American Indians from the sam 
author are interesting. 

Amongst the Omaha Indians of Nort 
America, when the corn is withering for w 
of rain, the members of the sacred Buffalo § 
ciety fill a large vessel with water and da! 
four times round it. One of them drinks s 


of the water and spirts it into the air, making 
a fine spray in imitation of a mist or drizzling 


rain. Then he upsets the vessel, spilling 
water on the ground; whereupon the dancer 


fall down and drink up the water, getting mud 


} 
‘ 


all over their faces. Lastly, they squirt 
water into the air, making a fine mist. T! 


saves the corn. In spring-time the Natchez 


of North America used to club together to pur 


Z 















faster 
aste 





heaviest. But if fine weather was wanted, 


hase favourable weather for their crops from 

wizards. If rain was needed, the wizards 
ij and danced with pipes full of water in 
r mouths. The pipes were perforated like 
, nozzle of a watering-can, and through the 
les the rain-maker blew the water towards 


it part of the sky where the clouds hung 
} 


unted the roof of his hut, and with extended 
rms, blowing with all his might, he beckoned 

the clouds to pass by. 

In Moroceo, ball-games of the hockey 
type are played for rain-making pur- 
poses, the idea being that the rapid 
movements of the ball and the players 
will induce movement of the clouds. 

Of incantations used to avert hail- 
storms, Pliny asserts that he would not 
dare seriously to repeat the words, al- 
though Cato, in his work on agriculture, 
had prescribed a similar formula of 
meaningless words to cure the fractured 
limbs of animals. It may be interesting 
here to insert this remedy, which was 
found in a translation of some of the 
works of Cato and Varro by ‘‘A Vir 
ginia Farmer’’ 

If a bone is dislocated it can be made sound 
by this incantation. Take a green reed four or 
five feet long, split it down the middle and let 
two men hold the pieces against your hips. 
Begin to chant as follows: 

‘*In Alio. 8S. F. Motas Vaeta, 

Daries Dardaries Astataries Dissunapiter.’’ 
and continue until the free ends of the reed 
are brought slowly together in front of you. 
Meanwhile, wave a knife above the reeds, and 
when they come together and one touches the 
other, seize them in your hand and cut them 
right and left. These pieces of reed bound 
upon a dislocated or fractured bone will cure it. 
But every day repeat the incantation, or in 
place of it this one: 

‘*Huat Hanat Huat 
Ista Pista Sista 
Domiabo Damnaustra.’’ 


To protect crops from the ravages of 
vermin, Pliny says: 

This I am sure upon mine owne knowledge, 
that there is an herbe (but what proper name 
it hath I wote not) which if it bee enterred in 
the foure corners of a field that is sowne with 
Millet, it will drive away Stares and Sparrows, 
which otherwise would by whole flights and 
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I will speak g er word ar w may 
seeme wonder There is not } of +t} 
ilre ¢ | enter 

such a ld 


Among the European peasants we find 
many superstitious devices to propitiate 
rover 


or quell the vermin Again 
Frazer 


Amongst the Saxons of Transylvai n or 
der to keep sparrows from tl r! he sower 
begins by throwing the first handfu f «s 
backwards « his 1 savir 
you, sparrows.’’ ruard tl 
the attacks f leaf s } / his 
eyes and scatters thre¢ ifuls S lif 
ferent direct S H ng made . g 
t the leaf-f y Teeis sur tl Ww 
spare the « A J ins I \ 
ing the ers S g ne } ie } I 
sects. is this T r he } ~ ~ i 
sower goes r ' e fror el 
field imitating the gesture of sowi1 
an empty hand As he does so he says I sow 
this for th inimals: I sow f 
that flies and creeps, that walks Is 
that sings and spr s, etc.’ 

Again we are told 

The mouse is one of the most dr l mies 
of the rice-crop Celebes. Mar r 
the prayers nd ineantations which prudent 
farmers resort to for the purpos } g 
the vermill trom th r fields Tl s Tor ex 
ample, a man will run round his field, s ! 
‘*Pruner is your name. Creep not through my 
rice. Be blind and deaf Creep not throug! 
my rice. If you must creep throvgh rice, go 
and creep through other rice.’’ T following 
formula is equally effective: ‘‘ Pruner is your 
real name. Mouse is ur by-1 Dow n 
the evening land is the stone o which you 
ought to sit; in the west, in Java, is your 
abode.’’ 

Another mode of getting rid of vermin and 
other noxious creatures without hurting their 


feelings or shewing them disrespect is to mal 


images of them Apollonius of Tyana is said 


to have cleared Antioch of scorpions by making 
a bronze image of a scorpion and burying 
under a small pillar in the middle of the city 


Further, it is reported that he freed Con 
stantinople from flies by means o 1 br 
fly, and from gnats by means of a bronze 
gnat. In the Middle Ages Virgil passed for an 
enchanter and is said to have rid Naples of 
flies and grasshoppers by bronze or copper 
images of these insects; and when the waters 
of the city were infested by Leeches, he made 
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a golden leech, which put a stop to the plague 

. Gregory of Tours tells us that the city 
of Paris used to be free of dormice and ser- 
pents, but that in his lifetime, while they 
were cleaning a sewer, they found a bronze 
and a bronze dormouse and removed 
**Since then,’’ adds the good bishop, 
‘‘dormice and serpents without number have 
been seen in Paris.’’ 

In Albania, if the fields or vineyards are 
ravaged by locusts or beetles, some of the 
women will assemble with dishevelled hair, 
catch a few of the insects, and march with them 
in a funeral procession to a spring or stream, 
in which they drown the creatures. Then one 
of the women sings, ‘‘O locusts and beetles who 
have left us bereaved,’’ and the dirge is taken 
up and repeated by all the women in chorus. 
Thus by celebrating the obsequies of a few 
locusts and beetles, they hope to bring about 
the death of them all. 


serpent 
them. 


Amulets had a place in agriculture as 
well as in the general life of the people. 
The agate was considered an agricultural 
amulet, and it was recommended that it 
be attached to the plowman’s arm and 
the horns of the oxen. Plutarch tells of 
a sort of poppy which grew in a river 
of Mysia and bore black, harp-shaped 
stones which the natives gathered and 
scattered over their ploughed fields. If 
these stones then lay still in the fields a 
barren year was signified, but if they 
flew away like locusts, a plentiful har- 
Pliny ascribes to the 
powers of stones such virtues as to 
benefit public speakers, admit to the 
presence of royalty, counteract fascina- 
tion and sorcery, avert hail, thunder- 
bolts, storms, locusts, and scorpions; 
chill boiling water, produce family dis- 
cord, render athletes invincible, quench 
anger and violence, make one invisible, 
evoke images of the gods and shades 
from the infernal regions. In the thir- 
teenth century Vincent, of Beauvais, 
medieval encyclopedist and author of 
Speculum Maius, stated that agates 
would avert storms and thunderbolts, 
give victory in war, rout venomous 
animals, aid the sight, slake the thirst 
and promote fidelity. He further said 
that the balagius would stimulate con- 


vest was forecast. 


jugal affection, burn the right ha 
grasping it, strengthen weak eyes if 

drinks water in which it has lain, 

protect against enemies. Coral is sa 
by him to check hemorrhage, 
corpulence, draw harmful humors fr 
Suspended from trees 


red les 


the eye, ete. 
sown with seed he believed it would p: 
tect the fruit or crops from hailstorm: 

Astrology also had its place in 
culture. Pliny says: 

Howbeit, wee cannot chuse but confess 
the true reason and knowledge of agricult 
dependeth principally upon the 
the order in heavenly bodies. 
peece of worke it is, and infinite; and smal] | 
I have that ever I shall be able to 
their heads that are so ignorant and grosss 
conceit, this high learning and heave 
divinitie as touching the planets, the fis 


Starres, together with the reason of their 
VD 


observatio1 


Certes, a ha 


drive 


derly motions and coelestiall powers: Hi 
considering the great profit that may arise and 
grow thereupon to mankind, I will cast a proffer 
and give the attempt to make ploughmen As 
trologers, or Astronomers at leastwise, if it 
may be. 

Democritus, Pliny tells us, was able t 
corner the olive crop by his knowledg 
of astrology (which he calls astronomy 
*‘put to shame business men w! 
and o1 
another brother 
timely warning of an impending storm 

Probably the most numerous and 
elaborate agricultural festivals 
celebrated at planting and harvest time, 
although there are many instances of 
magical practices performed by herds- 
men and farmers at all periods of the 
year, and it is safe to say that no nation 
has been without its annual agricultural 
rituals. Space does not permit a de- 
scription of these elaborate ceremonials 
many of which have been practiced 
among the peasants in all parts of Europe 
even up to the beginning of the nine- 
teenth century. They include the rites 
performed on Plow Monday in England; 
Shrove Tuesday in various parts of 
Europe, with carnivals similar in type 
in Bulgaria and other Thracian prov- 


and 
had been decrying philosophy,’’ 
his 


occasion to give 


were 

















inces; and the fire-festivals practiced 
throughout all the area between Ireland 
and Russia and from Norway and Swe- 
den to Spain and Greece. There were 
Lenten Fires, Easter Fires, Midsummer 
Fires, Hallowe’en Fires and Midwinter 
Fires, even the latter having an agricul- 
tural significance. The bringing of the 
Yule log is still solemnly observed by 
the southern Slavs, who seem to think 
that they will have as many calves, 
lambs, pigs and kids as they are able to 
strike sparks from the burning log. In 
some places a piece of the log is carried 
out to the fields to protect them against 
hail. There was also a ‘‘need fire,’’ also 
ealled ‘‘wild fire’’ or ‘‘living fire,’’ 
which was denounced in the eighth cen- 
tury by the Churches as a heathen cus- 
tom, but which continued down to the 
first half of the nineteenth century in 
parts of England, Scotland, Ireland and 
Germany. 

This custom of kindling great bonfires, 
dancing and leaping over them and driv- 
ing eattle through or round them, to- 
gether with processions or races in which 
blazing torches were carried round fields, 
orchards, pastures or cattle stalls, was 
believed to promote the growth of crops 
and the welfare of man and beast, either 
positively by stimulating them or nega- 
tively by averting dangers and calami- 
ties, witcheraft, blight, mildew, disease, 
ete. The ‘‘need fires’’ were resorted to 
especially when the cattle were attacked 
by an epidemic disease but were used 
whenever distress or calamity threat- 
ened. 

The North American Indians also had 
their elaborate festivals, among which 
were the busk or festival of the first 
fruits, lasting eight days, and the Green 
Corn Dance of the Seminole Indians of 
Florida, which lasted many days and 
continued into the nineteenth century. 

Dancing occupied a prominent place 
in all the ceremonials, and there was a 
common belief apparent in widely sep- 
arated countries that dancing with high 
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the 


leaps and jumps would stimulate 
| 


‘ 


crops to grow as high as the dancers 
leaped. 
Magic, however, was not always be- 


lieved to be practiced with beneficent in- 


tent, and consequently there is_ the 
paradox of magic being practiced to 
counteract magic. Down to modern 


times in eastern Europe when cattle 
were turned out to pasture in the spring, 
festivals were held on the twenty third 
of April, St. George’s Day, to protect 
the animals against the machinations of 
witches, as well as the ravages of wolves 
and other wild beasts. Among the South 
Slavs the herdsman crowns the horns 
of his cows with garlands of flowers to 
guard them against witcheraft, and in 
the evening the garlands are hung on 
the doors of the stalls, where they remain 
until the next St. George’s Day. Early 
in the morning of that day, when the 
herdsman drives the cows from the 
byres, the housewife takes salt in one 
hand and a potsherd with glowing coals 
in the other. The salt is offered to the 
cow, and the beast must step over the 
smouldering coals on which various 


kinds of roses are smoking. By this 
means the witches are deprived of all 


power to harm the cow. 

Instances of injury to livestock by 
magic were cited in our own country as 
late as 1692, in the famous Salem witch- 
craft trials in Massachusetts when such 
men as Governor William Phipps and 
Increase Mather, president of Harvard 
College, gave credence to the charges 
that due to the anger of one Bridget 
Bishop a pig was ‘‘taken with strange 
Fits; Jumping, Leaping and Knocking 
her Head against the Fence; she seem’d 
Blind and Deaf, and would neither Eat 
nor be Suck’d and sundry other 
Cireumstances concurred, which made 
the Deponents believe that Bishop had 
bewitched it.’"> Figuring in the trial of 
Susanna Martin were the charges that 


5 Mather, Cotton, ‘‘The Wonders of the In 


visible World,’’ 


London, 1862) 
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oxen to rush into 


which were 


she caused fourteen 
the Merrimac River, all of 
drowned but one; that because she ob- 
jected to the exchange of a cow with her 
son eaused this tame 
grow ‘‘so mad, that they could searce get 
her along. She broke all the Ropes that 
were fastned unto her, and though she 
were ty’d fast unto a Tree, yet she made 


she creature to 


her escape, and gave them such further 
trouble, as they could ascribe to no cause 
but Witcheraft’’; that the cattle of one 
Bernard Peache were bewitched to death ; 
that another complainant had lost cattle 
in one spring to the value of thirty 
pounds, following her threats. 

Any selection of examples of magic 
that might from the various 
fields of study would show the same 
trend in the mental processes through 
which humanity has passed on its road 
to civilization. In the very beginning, 
when the struggle for food was instine- 
tive, the simple acts performed without 
group 


be chosen 


reason by individuals became 


habits, and group habits became estab- 


Without means of e 
experiences to 


lished customs. 
municating their 
other, and consequently with no basis 
knowledge, the various groups gain 
their beliefs from false inferences re] 
ing to any accidental happening; a1 
since the greatest care might sometir 
result in failure and calamity, and la 
of care at other times result in go 
fortune, there entered the aleatory 

ment, or the belief that good or ill lu 
was due to the 
spirits, dependent upon the pleasure 

displeasure of the superior powers 

the acts of man. It took hundreds 

years to overcome such beliefs by the : 

the knowledg 
step by step, that has made possible th: 
Even yet resear 


agency of ghosts 


of reason and to gain 
agriculture of to-day. 
work has much to accomplish in this ; 
in all other branches of learning, a1 
processes are still taking place in th 
replacement of false practices by act 
based on scientific knowledge, for whic 
research facilities available to an 
extent unknown in any period of th 
past. 


are 
























Tue article by Professor E. H. Strick- 
land in the Screntiric Montuuy for 
January, 1928, entitled ‘‘Can Birds 
hold Injurious Insects in Check?’’ fails 
to acknowledge that it was arguments 
founded on the economic value of birds 
that made possible the present very sat 

isfactory American code of laws for bird 
protection. Professor Strickland implies 
that he is one who would protect birds 
for humanitarian and esthetic reasons, 
and he should aecordingly be pleased 
that they are at present so well pro- 
tected, even though this condition was 
brought about mainly by economic con- 
siderations. He need have no fear that 
bird lovers are a dying race, in fact 
their number was never greater than at 
present, and bird protection can be ef- 
fectively urged to-day for esthetic rea- 
sons which would, however, have had 
very little appeal forty or fifty years 
ago when the groundwork of American 
bird protection was being laid. 

In the course of his article, Professor 
Strickland points out certain principles 
of natural philosophy, applying them in 
a restricted way to the relations of 
phytophagous insects, their parasites, 
and bird predators, but weakens the 
whole texture of his argument by failing 
to take into account the universality of 
their application. 

The general principles as to the 
fecundity of insects pointed out by our 
author apply also to birds. If a bird of 
average size lays four or eight eggs 
yearly, it would if unchecked use up 
(its greater capacity considered) the 
available food supply, or on account of 
its greater bulk actually fill up the 
available space (due to the same inexor- 
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able reometrical progression 
these limits in all probability just about 
as quickly as would an insect. Al 
however. is mere ly theoretical, for 
expanding groups meet competition 
every direction and are checked by 
multitude of adverse factors, so that 
their potentialities for increase are never 
realized. As a result of these great 
checking forces all but a very small pro 


portion of each generation of a fecund 
species pe rishes, but the law ap] hes 
throughout, whether to plant-feeders, 
parasites or what not. 

Mortality statistics are the same for 
birds as for insects, or any other orga 
isms, and barring fluctuations the 
balance of nature there are only enough 
survivors of each speci S to re plac the 
parent population. Among the factors 
causing the mortality of insects, thos 


directly or indirectly due to climate are 
by far the most important It is an 
exaggeration to give parasites first rank, 
as our author does, among factors exer- 
cising general control over the insect 
population. 

It should not be forgotten that e@ 
sentially parasites are dependents. It is 
farthest from their object to exterminat 
their hosts, even in a limited area. This 


result, which in most cases means disas 
ter to the parasite, is, on the other hand, 
of but little moment to predacious it 

sects or birds. The latter always have a 


wide range of prey, and even if one food 


supply is exhausted usually there ar 
others at hand. The best evidence t) 


Bul. 20, n. s U. 8 


1See Marlatt, C. L., » & 
Div. Ent., 1899, pp. 73-76; Scott, W. M., ibid., 


pp. 82-85; and Chittenden, F. H., Bui, 22, n. 
s., U. S. Div. Ent., 1900, pp. 51-64 
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predacious foes of insects are worthy of 
as high consideration as parasitic ones is 
afforded by the instance of the exter- 
mination, successively, by the ladybird, 
Vedalia cardinalis, of the cottony eush- 
ion seale in California, of the fluted 
scale in South Africa, and of a congen- 
eric scale insect in the gardens of Alex- 
andria, Egypt. Lady-birds of the genus 
Hippodamia are used with great success 
in the control of injurious aphides in 
California. These are among the great- 
est successes that have been obtained in 
biological control and they have involved 
the use of predators, not parasites. 
The statement by Professor Strick- 
land, that ‘‘ provided man does not upset 
the relationships between any plant- 
feeding insect and its parasites, the aver- 
age population of that plant-feeding in- 
sect can never vary very extensively over 
periods of more than a few years,’’ is 


applicable to almost any opposed rela- 
tionship between organisms throughout 


the whole range of nature. It is not pe- 
culiar to insects and their parasites; the 
statement might read insects and their 
bird enemies, fishes and fish-eaters, in- 
sects and spiders, in fact almost any 
similar case and be equally true. Pe- 
rusal of Dr. S. A. Forbes’ paper ‘‘On 
Some Interactions of Organisms’” is 
recommended in this connection. 

Again our author says, ‘‘We can not 
but conclude that the annual de- 
struction of plant-feeding insects by 
birds has no appreciable effect upon 
their ultimate abundance.’’ This state- 
ment is just as applicable to every 
natural check: the word ‘‘parasites’’ 
can be substituted for birds in this state- 
ment and it will be just as true. The 
ultimate abundance is on the average 
the same, as our author himself repeat- 
edly states in this paper. 

Our author finally admits that birds 

2 Bull. Ill. State Lab. Nat. Hist., I, No. 3, 
1880. 


eat parasitic as well as plant-feeding 
sects, thus undermining the highly art 
ficial arguments he builds up on 
premises of destruction 
phytophagous insects by birds. As 
matter of fact, birds as a whole tend 
apply indiscriminate pressure on th 
sect race, cutting them down in prop 
tion to their numbers, work which in 
indiscriminacy parallels that of 
factors of natural control 
which tends to preserve the balance 
nature, so called, and is therefore go 
Professor Strickland quotes from 
Rondani that ‘‘the policing of fields ear 
not be entrusted to birds because they 
are unreliable and kill the guilty wit 
the innocent.’’ It is almost inconcei 
able how entomologists can make such 
statements as this and not see the in 
plied condemnation of their own most 
effective methods of combating insects 
Stomach poisons result in the death of 
any parasites contained in the bodies oi 
hosts feeding upon them, contact poisons 
kill friend and foe alike, fumigation 
with poisonous gases is indiscriminate in 
its effect. Nevertheless, these are th 
principal weapons of the economic en- 
tomologist. They do good, are eifectiv: 
in securing the degree of control w 
need for crop production, have long 
been used and will continue to be used 
Their effectiveness proves that a general 
reduction in the number of insects, use- 
ful along with the harmful, has a satis 
factory net result, and is in effect a 
strong endorsement of the utility of 
birds whose combined activities against 
insects tend to be indiscriminate. One 
eminent entomologist who sees the truth 
in this respect, Paul Marchal, 
**However useful the parasites may be, 
the fear of destroying them ought never 
to prevent the taking of all measures 
having for their object the direct de 
struction of harmful insects’’; and with 
regard to birds, ‘‘the protection of in 


selective 


ecombin: 


Says: 
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sectivorous birds appears to us not at all 
susceptible of thwarting the beneficial 
action of useful insects.’ 
Professor Strickland the 
‘*Can birds hold injurious insects 


asks ques- 
tion, 
in check ?’’ and his answer is, ‘‘It is im- 
probable that in the 
majority of plant-feeding insects, birds 
are a factor of much importance in re- 
ducing their population.’’ In this con- 
nection let us quote two sentences from 


ease of the vast 


earlier portions of his paper: ‘‘We all 
know, however, that, with comparatively 
few exceptions, each of numerous 
kinds of insects is present in approxi- 
mately the same numbers from year to 
year.”’ The relative number of eggs 
that are laid by different species of in- 
sects has surprisingly little effect upon 
their annual abundance,’’ and there are 
ther expressions certifying to the nor- 
mal year to year stability in numbers of 
the insect population. These statements 
mean that no agency permanently re- 
duces the population, and place para- 
sites as well as other checks on insect 
abundance in the Pro- 
fessor Strickland attempts to assign ex- 
clusively to birds. As a matter of fact, 
insect control aside from that applied 
by man is due to a combination of all 
inimical factors—unfavorable manifesta- 
tions of climate, activities of predators, 
and parasites, of both the animal and 
plant worlds, and failures due to con- 
stitutional defects in the insects them- 
selves—in a word to the whole environ- 
mental complex. Little is gained by dis- 
cussion of the relative value of the 
various biological factors, while much 
risk of error is incurred. 

With regard to birds, it may be said 
that economic ornithologists gauge the 
usefulness of birds more on their general 
tendencies than on specific activities. 
These scientists do not make exaggerated 
claims of the sort alleged by Professor 


Ser., T. VI, 


our 


Same category 


8Ann. Inst. Nat. Agron., 2¢ 
1907, pp. 298-299. 
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recog! 1 


Strickland. 
most 
their constant cutting down of the num 


Thi j 


. > Y : 
function of birds lies 


useful 


bers of insects in general, and not 


their more spectacular services 


presence of insect outbreaks.‘ 
At the same time we 


to point 


need not 
certain Teatures 
that entitle 


>i werd 
Birds 


out 
control by birds 
special appreciation 
advantage of stopping the feeding of 


insect victim at once; parasiti: 
feeding and pos 


more than the 
Birds are not 


insect may continue 


consume normal 
food. 
climatic factors as are para- 
three 


sibly 
amount of so much 
affected by 
sites and do not require two or 
after 
back to again apply effective pressure on 
When harm 


coun 


years as do parasites every set- 
the numbers of their prey. 
ful insects are introduced into the 
try, it may be years before parasites be- 
come adapted to them, or we may be 
compelled to import parasites; birds can 
and usually do feed upon them from the 
first. Birds are a mobile foree against 
insects and gather at the scene of an in 
If the latter is 


bird population several times the normal 


sect outbreak. local a 
for the area may assemble and feed upon 
the insect to a much higher than usual 
extent, and there are numerous records 
of birds actually extirpating such local 
infestations. No one claims that birds 
can control widespread outbreaks of in 
sect pests nor do we observe parasites 
so doing. 

However, there is no necess ty for be 
two 
Both 


insects 


littling the services of either of the 
great classes of pest destroyers 
consume a certain proportion of 
directly injurious to man, and it is more 
than likely that either would be hind 
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ered rather than helped by the absence 
of the other. Everything, indeed, points 
to the conclusion that from the stand- 
point of man’s welfare the loss of either 
class would irreparably disturb the 
balance. What has been said by a 
noted entomologist concerning parasites, 
namely, that the presence of both para- 
sites and hosts, continuing through thou- 
sands of years to the present, implies 
that an equilibrium is maintained, en- 
abling each to live, is just as true of 
predacious enemies, both in relation to 
parasites and to their common prey. 
There can be no doubt that, even under 
the greatly changed conditions induced 
by man, the inter-actions of these classes 
tend directly toward the establishment 
and maintenance of a balance. It is 


probable that this balance can be s 


at a lower level in regard to number 
individuals only by direct reductio: 


the injurious species by man, cou 
with the best possible protection of 
their predatory and parasitic enen 


Birds are one of the natural fo: 


regulating the numbers of insects, a1 
takes all of them combined to 


job. In fact, even all of them toget 


ean not do it as we should like, ar 


should not be forgotten that, regard 
of birds, parasites or other natu 


checks, it will as a rule be neces 
under the artificial conditions h: 
ereated, for man to combat i: 
directly in order to secure the degr 


control necessary to commercial suc 
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xq the birds it is well known that ervystalline st: e 
S expression has reached a high ter appear to aris t is as eq 
0 ol development as attested D\ ‘omprehens t) ~ ( t! 8 
masterly singing of our own ness of life sl O . 
es. the wood thrush. the veers and trend No p ost 0 ns 
rmit thrush. The birds, however, t but it is there. and 
specialized in vocal music. Nature deep a ride . se] 
s ade them the spontaneous vocal Marve Ss spec tions 
sts of earth whom none excel. The dis sounds hav: olved amot 
e instrumentalists of earth are and have aris n nearly 
sical insects. and they have thre body where two adia . 
to do their humble part well can be brought toget! | 
sense of singing through thi arisen upol ‘ ! 
cavity, no insect possesses a voice pronotum, the mesothorax 
cicadas or harvest flies. so called the middlk rs abdon " 
g¢ within special cavities of their bod the elytra or wing-e rs 
sand to this extent come nearer being pear that in practically { 
vocalists than our crickets and tional stridulation ft t 
t dids In the music boxes of th s concerned with , 
as thin chitinous membranes are at to be drawn across its teet!] I] 
set In rapid motion by a very pow many simpler structures : 
and efficient musculature Not refined mav also bi 
¢ lungs and throat adapted to roughened surfaces, ridged 
singing, the majority of our musi lat I} } ste) Is ' 
Insects have developed external appear I not . 
tional structures wherever contig mere s nd 
S surtaces naturally approach eacl arises sper 7 } 
ther and can be rubbed together at will may be expected to l 
When we consider all the insects as n deg? ! neme! 
ass scarcely any part of the body has As vet, el terist S 
verlooked It would seem that and Poss bly son 0 S 
movable chitinous surface of th far as known. it would s 
nal insect body capable of rubbing tendencies heen show) \\ 
nm another part is potentially a musi spoken or 1 Sim] 
organ. Strange it is that in some responds ti ti 
great groups remodelling and seulptur-  sound-produce1 t is 
to produce file-vein and seraper or teeth of this microscopi 
‘trum has been so consistently fol the rigid strings, so to s 
d, It is incomprehensible that this natural insect ‘ roma _ 
specialization should arise unconsciousl\ beetles, strangely enoug! 
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musical 
that 


adepts on 


even with additional accessory 


structures in some instances, so 


veritably are they musical 


than one instrument. It is a mar 
among the lowly 


all. Nature 


ot her Cosmic 


more 
velous elaboration in 


but that is with 


sects, not 
the 
has elaborated the simple file-veins in a 


them with 


organic magic touch 


masterly way. She has made 
fine teeth in one part and coarse teeth in 
another the 
beetles she has even produced three sets 
What 
It probably means that 


On file-veins of a few 


of teeth, coarse, medium and fine. 
does this mean 
at least three distinet sounds may be pro- 
duced loud 


ness and piteh or shrillness. 


at will, with variations of 
Here would 
it seem the insects are breaking away 
from the monotony of a single note, and 


have in mind the production of several 
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notes, or perchance a primitive si 


the birds with their vocal chords 


is something deep and _ signifi 


these trends and specializations 


organism plaving with sound. 


experience 
While the beetles show 


indicative 


any 


tions of sound sensit 


and sound-consciousness, very 


known of the actual sounds th 


heea Se t| PV are TOO tar 


the 


duee. 


from everyday experiences 


human ear to receive mueh att 
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muci 


For this reason not poetry 
to arise soon glorifying the 


the beetles ort inately 


other order o 


we 


f inseets which 


mental musicians of the high: 


the Orthoptera, 


including all our 
cal grasshoppers, katydids and ©) 
Many of 
heard 


them 


are large enoug! 
life 


merit 


thes 


in everyday and 


have with sung the 


close to our hearts and moods 


much ot our poetry Savors ot the 
ence, This is well, for who does n¢ 


the 


crickets ? 


ehirping and _ purring 


Profoundly musical are thes 
creatures, perhaps more truly mu 
from the pure love of sound for 
the 


insect a 


beetles themselves. |] 


than 
eall 


that sings meré ly to eall its femal 


an disinterested mus 
or because it wishes to terrify somet 


we have explained it rather 


as 
but because it sings for no other r 
than that it 
ures ot 


utility theory, SO glibly invoked by 


loves sound and the 


sounds. as do we humans 
win and others to explain all the n 
moods ot insects. will not stand t] 
of There 


reasons back of than th 


close serutiny are 
the 


ticements of sex, ete 


mood 


There is 


insects 


birds and among humans 


as cood reason to believe 


pleasure in their sounds as do ht 


just as among 
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Simple as the sounds of 
pear, oftentimes little more thi 
d rhythm, one must not forg: 
beginnings of man’s primitive 
were searcely more than sound compone 
thm: and, let me add, oftentimes has not 
eh better is much of our modern — sciously 
to-day. norgan 
fundamental 
nd scraper with few exceptions is 
among all the grasshoppers, katy 
ind crickets It appears to be the 
rsal principle of musical evolution 
development ol nearly all insect 
mentalists, exe pt the eieadas, vet 
lse could the living mpulses well 
ipon to modify in the direction of 
{ { 


rorees oT ite 


imental music The 
to have well recognized this, and 
vein is the type of all frictional 
It may and does appear on a 
ty of structures, being upon the 
legs or upon heavy veins of the 
g-covers In our own true grasshop 
s. In our own commoner katydids 
| erickets. however. the position 1s 
consistently at the base of the 
ng-covers alone. 
So far as known, the erickets and 
tydids have not given especial atten 
n to modifications of different por 
ns of the file-vein. as have the beetles crickets 
‘et as I shall show, specializations of the katydids on 
musical impulse and touch and time heen 
itions have been profoundly elabo- dent 
ed just as among the birds with their more tha 
wal music. the beet 
First we may consider the matter 
isical tone or piteh among insect mi 
ins Almost without exception, the 
rasshoppers and katydids merely rasp ment 
scrape out noise of one quality or the 
er, loud, rasping or soft, silken, 
ng. At no time is it characterized 
nusical pitch or tone. The crickets conseq i 
the same tvpe of file-vein have tion ol 


somehow gone immeasurably beyond the havior 


dids by developing true tonal musie of the eri 
itch, and they have done this as a tous ton: 
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wonderful step to leave mere noise be 
hind and seize upon tone Yet if the 
crickets had kept pace with the katydids 
in the evolution of a better manipula 
tion, they would now have been playing 
simple tunes almost, like some of the 
birds with their voeal art. 

There is every degree of musical ex 
pression among the katydids. Some of 
the cone-headed katydids Neoconoce 
phalus) merely set their wings humming 
in a continuous buzz of monotonous 


SOUnAC, perhaps the simplest musical ex- 


‘ 


pression, for not even rhythm is in- 
volved. The next step is to break up 
this simple monotone into rhythmic in- 
tervals, and some cone headed katydids 
do just this. They do it with an 
astounding uyiformity—slower with cool 
temperatures, faster with high tempera- 


tures. These rhythmic rasps or beats 


are a substantial advance in music evo 


lution. it would seem They mark the 
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earliest beginni 
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for the pure rhythmie beat as 


thing else Bi 


irton, speaking 


musie ol African savayzes, Sa 


would sit for hours at night « 


with an untiring mood, a ceaseles 


tition ot a few 
add that our m 


men have an ij 
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usical insects as 


nherent ear Tor 


rhythm. Gurney has said ‘** Th 
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among uneivillz 
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rhythm goes ba 


rhythm and r 
ed people SeeCTILS 
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Such were th 


musie, and such 


alone. 
e beginnings of 


Is much of ow 


music to-day, an irrepressible m¢ 


the mere rhythmic repetition of 


It would be a rez 
away from this 
chanieal rhythm 
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katvdids of the 
introduced varie 
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ing the notes and phrases in n 


less definite Wi 


relations and se 


typical Orchelimum song begins 


Series ot short ST 
off into a long lis 
he represented 
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i] step forward T¢ 
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this The big 1 


tv into their me 
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juences ot Ssolne 
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thus: ctp-zip 
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's simpler song 


ing monotone It is evident that 


more variety and complex time-re 
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compl te expressions 


songs ot 


se katvdids than in the 


Orchelimums These complexities 


specializations in the direction of 
Some weird evolving principl 
work upon their songs, breaking up 


asic, eternal rhythm into something 


more prolonged, more varied 


ogous to the refinements and sp 


ations shown by the finer singers 
¢ the birds Strange to say, these 
. alizations have gone much farther 


ong the noise rasping katvdids than 
tone-loving crickets, for as 


g¢ the 


the latter still cling to the 


simple 


oTrone or the more or less regular 


thmie chirp. In not one instance, 
ast among our eastern crickets, have 
shown the elaborations toward new 
expression characteristi 
litt] 


omplexities of 

some of the katydids The 
Uhler’s katydid begins its song with a 
produced 


This 


rolonged, soft, lisping sound, 


by a rapid shuffling of the wings 
soon runs into a succession of short stae 

lisps 2ip-tisip-ilstp-itsip-ilsip ar 
rapid shuffling sound, sey 
sh-sh-sh-sh The 


thus 


nds with a 
times repeated 
re sony ma: be expressed 
§-S§-S-S8-S1p-ifsip-itsip tsip-itsip-sh sh 
S/ NL sh sj) sh sh sh sh sh ch 
Staccato notes, 


Sometimes additional 


/ ; 


ip-tip-tip, are added to the final lisp 


vy phrases 


remarkable elaboration as 


This is a 


mpared with the brief, monotonous, 
re rring Zips of a cone-headed katyvdid 
r the simple chirps of a cricket. It is 

dent that much more can yet be don 
teeth, oper 


scraper 


l 


with a simple file-vein with 
upon by a plectrum or 
teeth on the 


upon the 


There are many file-vein 


nding of insect 


species 


sician. Some may have around fifty 


sixty teeth; others may have one hun 


| to several hundreds 


In practically 

instances, the scraper is drawn en 
ely across this vein to produce one 
sp or backwards and forwards several 
nes to produce a single chirp or rasp 


ME APRESSLION 





AMONG 


S 
\\ \ } 
notes, o1 
Opening 
them Suda 





INSEE 


OF 























inch, then allowed to close with such a 
nicety of judgment that the seraper, 
striking only one or more teeth of the 


file-vein at a time, produces a series of 


from twenty to thirty or more loud 
leisurely clicks, becoming more rapid 
toward the close until the wing-covers 
have been brought entirely together. 


the writer’s observations go 


no other katydid and none of our erick 


So far as 


ets has acquired this nicety of judgment 
and touch in their musical expressions. 
The file 


about fifty-five to sixty teeth if one in 


vein of this katydid possesses 


cludes every reduced tooth at each end, 
or perhaps not more than forty to forty- 
If thirty to 
thirty-five notes were produced in this 
the 
more than 


five well developed teeth. 


single closing operation of wing 
that 
could be 
This to 
understanding 


is evident not 
teeth 


produce each click. 


covers, it 


one or two involved to 


my mind 
represents a remarkable 
and manipulation of the simple mechan- 
ical features of the musical file-vein. It 


is the first evidence which we have that 
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perhaps the musical insects are 


toward simple melody, as the bir 
done. AS a fact, the 


katvdid 


matter of 


clicks of this show 


variations in volume and pitel 


trained ear, even though it is 


sound with musical pitch, such as 


ears the eric 


appreciat If 


made a momentous 


step forw; 


; 
tones 


the production ot musica 
ot rasping 1oO1se, this katvdid 


tained i remarkable specializat 
skill in technique dealing with tl 


tive rasp Should now the 


attain this same technique with t] 
have a veritabl 


velns, we would 


otf musical tones capable ol 


variation in pitch by further elab 
to produce the simple melody, al 
as efficiently as the birds have di 
their vocal chords 

With the musical impulses of 
the field of instrumentalism spec 
upon the file-vein, the character 
file-vein and its teeth and the n 
technique in this are 


using 
potentialities alone which woul 
volved. It is evident that the ins s 


: : 
showing unmistakable trends 


directions. Some of the beetles a 

haps the ants have gone far in « 

ing the structures of the file-vei st 
of the katydids have hit upon 
specialized and skilful technigq 
nally, the crickets have hit upon t 
such as men pronounce good fr 
point of view of their own musica 
These are the indubitab 
What they mean we know not, no1 


will, 


bilities. 


perchance However, it is 


is one ol 


that sound-sensitivity 
mental characteristics of life as t1 
light sensitivity. Men merely sl 


same musical tendencies with ¢ 


other 
The crickets and the katydids i 


forms of organic express 


creat insect instrumentalists of ea! 


much impressed with sound rhy 
are we and even with tonality, it 
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Perchance they are but passing 
the mysterious musical ways ol 
some weird, organic, cosmic trend 
1 fuller appreciation of sound, 


pleasurable sequences ot tone 


tonal combinations 


lations and 
Our own musi 


ve eall MUSIC 


' 
Cai 


zations rest upon the same 
that the insects al 


foundations 
I Rhythm IS as 


irds make use 0 
ithin their mood as within ours 


is but a mier 


vein of the cricket 
many-stringed mandolin, so to 


or perhaps more correctly speal 
xvlophone with parallel resonant 


tl resonan 


bars comparable To ie 


different 


I wood ot lengths ar 
to produce the tones of the xvlo 


but 


but 


The xylophones of men are 


which they make 


r file-veins 


h will not grow naturally upon the 


teguments of their backs or legs. It 
be just aS e@AaS\ tor t] e 
ft which we 


fil¢ 


deep COS 


ld 
ntelligences of life, ¢ 
w nothing, to fashion the simpl 


nor natural microscopic xvlophone o 


a scale ol 


with 


into one 
birds to do it with 


cricket 
nple tones as for the 
If our 
the birds 


tal t evo 


ie voeal chords ales Ol 
ition are really true, have 
it, and the hermit thrush is an out 
nding virtuoso of this evolution from 
mere lowly reptiles 
The birds have rone 
il evolution, but upon 
neiples observed to day by our musi 
The primitive seale is within 
Schuyler Mathews 


exultant 


me 


far in their musi 


the same 


basic 


insects. 
bird’s soul. F 
$s written: ‘‘But of serene, 
ody in the music of the birds there 
plenty; the plainest evidence of it is 
he songs of the thrushes, and we have 
that their music is 


proof 
primitive scales 


nvineing 
it upon definite 
es which the birds used eons of years 
re man did.’’ 
‘here is another 
not at all understood but 


feature of insect 
— resting 


the basic foundations of their in 
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based on some peculiar law of internal 
rhythm governing their musical makeup. 
I have made some studies of this ques- 
tion, and have found that a ericket, 
chirping at a certain rate per minute, 
will actually hurry his notes or change 
their rate to adopt a slightly different 
rate of mimic chirp to which I subjected 
him. All these features of musical ex 
pression are deep-seated elemental moods 
of life, governing not alone the music of 
insects, but the seemingly more conscious 
musical specializations of men. 

It is strange that although the birds 
as a class are vocalists, even they have 
turned to various forms of instrumental 
ism, as well as the insects. The ruffed 
grouse beats a soft, thrumming tattoo 
upon the air; the snipe has learned to 
bleat with its tail-feathers in a rapid 
descending flight, and the night hawk 
has learned te twang a boom loudly 
upon the atmosphere with its wing 
pinions in a terrific far-flung drop to 
earth. Even a Turkestan lizard has 
learned to produce a ericket-like shrill- 
ing with certain modified seales or plates 
upon its tail. 

These all represent the same strange 
unaccountable strivings of life after 
ways of producing sound, because 
somehow sound affects the organism 
strangely, weirdly and seems necessary 
to its well-being and pleasures of ex- 
istence. 

The organism, it would seem, is as sen 
sitive to the ubiquitous sound-waves as 
to light-waves, and in the case of the 
katvydids and crickets would analyze 
them and wear them upon their backs, 


as some analyze and wear the light upon 


their integuments in varied p: 


colorations There are strang 


analogies here between the resp 


life to sound-waves and to lig 


Those fundamental organic 


hit 


hit 


sponding to the sound-waves s 


and adroitly, seem as spontane: 


aS unconsciously originated 


a 


lated oftentimes, as the externa 


ments to the disposition oft the 


ing upon them. Specialization 
subtly takes hold of life and 
potentialities of life, till the 


feels the growing consciousn: 


refinements, and henceforth 


directed behavior seems to 


There is much to be learned 


S 


a) 


the specializations of the mus 


ests As vet it 1s a great 


untouched department ot 


Although musical inseets ocem 


tically all parts of the world wl 
life is found, unfortunately ver 


} 


known of the musical behavior 


great group of insects. It ¢ 


a 


S 


considered a trivial and unwort! 


ject of scientific study, but o1 


and as complex as the vocal 


S 


birds There are questions ot 


mental importance in the n 


att 


deserve to be examined, concer! 


insect’s ear for sound, for rhyt! 


chronism, tonality, ete It 


probable that a complete surve 


] 


the musical tendencies and bel 


the musical and sound-producing 


of the world would throw n 


upon the fundamental musical 


mon irrepressible laws seem 


; 


and tendencies of man himselt 


the musical moods of their live 


~ 











1876-1928 


1900 Dr. Hidevo Noguchi joined 

of the department of pathology 
University of Pennsylvania as a 

teer His interest in bacteriology 
already manifested itself, for in 
PSUS very soon atter his graduation 
the Tokvo Medical College, he be 
assistant at the Government Insti 

of Infectious Diseases, of which 


? fessor Kitasato was the director 
Noguchi’s coming to Philadelphia 
Th 


av to 


write! 


Mani a, 


S quite tortuitous 


ST ped in Japan on his W 


| chanee threw him and Dr. Noguchi 
together Noguchi remained at the 
University of Pennsylvania for four 


ears, and then accompanied him to New 


York, 


mposing the origina 


To become one ol the small TTOUD 


scientine stall ol 
tl Institute 


Philade Iphia pe riod 


r Roek« feller 

It was during the 

Noguchi’s 

estigator manifested themselves 
the 


an 
The 


pursued 


gifts as 


} 
exceptional 


venoms, 


estigation oj 
from the standpoint of the newer know 


antitoxins 


and which 


toxins 
Ehrlieh’s brilliant 
had 


elded a rich booty. 


ot 


theoretical generali 
To 


mnerease 


of the 


so) 


much 
The 


in turn influenced 


tions done 


choles 
venoms for study was 
by Dr. Weir Mitchell’s earlier important 
snake venoms. Ih 


Investigations on 


tehell was instrumental in supporting 


+ 


tine undertaking, at yy rsonally and 
ter through the hh 

th National Academy of Seieneces and 

the Carnegie Institution of Washington 
\t the Rockefeller Institute, Noguchi 

in 


4) 
nrst 


interest aroused 1? 


oted himself in particular to the 


stigation of unusual microorganisms 


| diseases of unknown origin which 
induced. His rewarding studies 
spirochetae, a number of which he 
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HIDEYO NOGU‘ 


0 AT TI Row 


auced the Two pathological eonditions 


TIONS 


representative of the two natural dis proved ina} 
— eXIstsS li 
In 1926 Noguehi accomplished the eul vations wer 
tivation of a new bacterium from the he was 
eves of American Indians, which on in The uits of his studies 1 
‘ulation into the conjunctivae of Ma a hy 2 deseribed 
cacus rhesus and chimpanzees repro 
duced the lesions of trachoma as they 
exist In human beings A monograph 
describing in detail the work on tra 
choma was completed just before he 
sailed for Africa; it is in press and wi 
soon be published. 
Noguehi died of ve llow fever at Acera. 
the Gold Coast, West Africa, on May 
“1 The expedition to Africa was un 
dertaken for the Rockefeller Founda 


tion, because the results of his investiga 





THE SCLENTIFIC MONTHLY 



























SIS 









SS 





f 





» 







Sacit 
i 









Tl 














~ 








May 


cz. a id resolved To study 


assistant in 


sor of analytical chemistry, in 


1854-1928 


MISTRY 1n America has suffered an 
rable through the death oft 
Fahs Smith, occurred 


n the University of Pennsylvania 


loss 


which on 


tal. Even outside of his chosen 


1 


ssion and beyond the 


the 


} 


limits of his 


his demise 


Dr 


international reputation 


countrys news of 


‘easion keen regrets, for Smith 


¢ 
ed an no 


as a chemist, but as an adminis 
and a historian. The respect felt 
s scholarly ability in many fields 


iwcentuated by the iniversal affee 


nsp red by his modest and kindly 


nality He was indeed a true ger 


SeTIS¢ or 


the oldest and best 


ll 1 





ord 





rn at York, Pennsylvania, where his 


stors settled several generations ago. 
23, 1856, Dr. Smith suecessfully 
ted his father’s plans for a 
medicine 
college at the York 


prepared for 


busin ‘SS 


tv Academy and entered the junior 


of Pennsylvania College, Gettys 
in 1872 Before he 


with the degree ol bachelor Oot sel 


vrraduated i 


; 


his work in chemistry had been of 


promise that his teacher. Dr. S. P 


e United States in 1876. 


analytical chemistry t 


of his active career until his retir 


in 1920. He became in 1888 pro 


of the department of chemistry, 1 


vice-provost and In 


ler, encouraged him to go to Ger 
ny and continue his studies there 
ng on this advice, Dr. Smith worked 
two vears at Gottingen, where 
ler was one of his professors, and 
ed the degree of Ph.D. Returning 


he became 


Professor F. A. Genthe. of the Univer 
s of Pennsylvania 
\t this institution, except for brie! 
rvals at Muhlenberg College, Allen 
Pa., and at Wittenbere Collea 
Springfield, Ohio, Dr. Smith spent the 


psav 


1911 provost 


her 
1099 
com 
pros 
] 


itth 
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literary merit as well as of great Smith’ 


fie value. 
1926 a statue of Edgar Fahs Smith 
rected near the Harrison Chemieal 
atory of the University of Penn 


In the hearts of his colleagues 


permane! 


i 
er, he needs no more I 
ial than that which his own ster 
for him At a din vhich 

recently given in his honor at the rvived by 
nists’ Club in New York City, he r 
ntroduced as follows: ‘‘ Edgar Fahs companions 


jualities gained 


Tt Gettvsb 


th. centleman, chemist, great teacher, nearly nity 
storian, true philosopher and sine deepest s: 
have so richly extended aven 


in which 


Few men 
AMI 


nd 
d at onee the 


THE ARNOLD ARBORETUM OF 


esteem 
HARVARD UNIVERSITY 


Arboretum of Harvard position he 
+>») 1027 


in 1872 for 22 


T i} Arnold 
was established 
‘ study and eultivation 
plants capable of withstanding a 
Its orig Arl 


Massachusetts. 
ou ror a thousand 


hy IS policed 


versity 


; ; . 

a il l { CirLy 
, ‘ 

S pal ( ( I 


moray i 
climate of oretum IS assures 
il endowment 


| dollars, left 


ne 
i 


was one hundred t 
Si this purpose | 
James Arnold, a merchant of New Bed open to 
For the purpose set every d 

sare’ 


for 


the Arnold 


al 


ford, Massachusetts. 
earrying out this trust Harvard U1 fessor 
25 acres of land know endowment 

on dollars 


1] 


versity set aside 12: 
as the Bussey Farm. In 1873 Charles 
about 260 acres, wher 


Sargent was appointed director, a 


Ss 
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YH 





hundred 


shrub and 


more than six thousand five 


InY 


and varieties it tree, 


SPeCLCS 


vine To commemorate the life work. of 
and to still fur 
the Arnold 
Sprague Sargent 


Fund 


Professor ( 
ther 
Arboretum a 
\lemorial 


Ss. Sargent 


nerease the Services ot 


(Charles 


Endowment for a mil 


on dollars was undertaken and so far 
more than nine hundred thousand has 
been collected. On the death of Pro 
fessor ( S. Sargent. Professor Oakes 
Ames was appointed supervisor and M) 
KE. H. Wilson, who had been assistant 


director. Was 


made keeper 


(mone the changes that have take 
lace new and larger greenhouse and 
nursery for the Arboretum is being 


of the 
tum on the rising ground of t!) 

Institution. <A 
? 


the greenhouse will be a laboratory full 


erected on the South Street side 


Arbors 
Bussey new reature ‘) 
for research in plant pathology 


will be 


ftv feet long and will have, also, a 


equipped 


] 


and 


} 


about fi 


wenevries, The oreenhous 


workroom tor potting, and pits for the 


growth of woody plants. The nursery, 


lew Teet away, will cover about three 
acres Ol! lai d. 

Professor Oakes Ames has stated that 

\ t tant part of t \ t work 

’ t 1 t st ‘ \ cy 
lit Ss al liseases of plants with a ew ti 
mproving their inherent qualities—has never 
bee! ttempted before because the necessary 
fac ties were icking Up to now its main 
work has beet he assembliz 1f woody plants 
nd trees fron | parts of the w l, identify 
ng, classifying, propagating them and ex 
changing them with other arboreta and nurse1 
es nd bu ding up a matchless brary dan 
utstanding herbarium. For lack of funds the 
Arboretum has thus been limping along on one 
eg thoug! mping very efficiently ecaust 
f | fessor Sargent’s able direction 


the income from the mil 


With part of 
lion dollar endowment fund now being 
sought. it is proposed To ¢ stablish two d 
+} > 


research so that 


stude) tS 


partments of 
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take ad 
that ha 
half e 


It is hoped that the economic ql 


dendrologists 


and 
of the 


nay 


wealth of material 


amassed during the past 


native trees will be improved 


scientists have improved flowe 


fruits. By cross-fertilization o 


ent varieties and species of forest 


it is expected that great improven 


the economic Value ot woods Wi 


I» 
] roresso! 


(mes explained 


enter 1 systen lend 

f dend g S r} . 
tl new us Ss | 
WW | . 

= Sst t l 
Arboretur s tl a te 1 
which is nnect , . “a 
araw ul i s sts ! s f 
a ent T ’ 

Alre V ‘ 
two men he S } 
though 1 efi rrangements 
made t s ul ti S S ‘ . 
I retting r gl , nm ¢ 
patholog his W “ beg 
Dr. East tl USS 9 
pervise the worl genetics. W ; 

ld to the st naan 
whose field w } W 
é Ame 

A tentative } 3 
students the Art ur : 

rl n se wo} . lend 9 
t ns Indu n Ww ) ré j 
ible mel ke fl] doctor’s y 
dendrs re the Ar etun a #1 
need for experts ' hic iw 
terested ieveloping quicker-g ving 
nd impr ed W is | ‘ su 7 
facturing needs f } future 

The assembling of rare species 
of plants w be ntinued, of urs 
the Arboretul n 
f gardens of te ty? 

The Arboret 1 < oking ‘ oe 
Spanish Honduras t present. as 
known of its } t fi ecause it is 
eult country for the white man to « 
s not T Se } 4 + ’ ‘ 
near future, s nything found } 
b exceeding from bot 





